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The International Crops Research In s t i t u t e  f o r  the Semi-Arid h o p i c s  
(ICRISAT) takes pride i n  presenting herein a report on i ts  f i r s t  year of 
f i e ld  research, With a very small advance guard and most of these on 
part-time or  short term loan from other organizations i n i t i a l l y ,  the f i r e t  
f i e l d  experimental plantillgs were made simultaneously with the promulgation 
of i ts  oomt i tu t ion  and the orgarization of i ts  Governing Board, The very 
credi table reoord of resu l t s  and the extremely valuable guides of this 
f i r s t  year 's  observations a re  already making contributions toward finding 
ways f o r  improving dependability of food production i n  the semi-arid rainfed 
t ropics ,  They will also contribute toward providing a sound base f o r  
planning the future studies of the Institute. This is due to  the dedication, 
hard work, determination, competence and dil igent  and thorough at tent ion of 
t h i s  small group, They had to  exercise a great  deal of ingenuity i n  the 
i n i t i a l  stages with very limited f a c i l i t i e s  but were able t o  en l i s t  coopera- 
t ion from many sources and made very substantial progress. 
From t h i s  modest beginniw, the ICRISAT i s  determined, as  i t s  s t a f f  
and f a c i l i t i e s  are  expanded, t o  f u l f i l  the dreams and aspirations of i t s  
sponsors to  become t ru ly  a world center of excellence which w i l l  be able 
t o  support and backstop a whole network of nutional and regional e f for t s  
which cooperatively w i l l  t ru ly  bring about a revolution i n  improved levels  
and dependability of production of major food crops of the semi-arid, sea- 
sonally dry, rainfed tropical regions of the world, and make a rea l  and 
su5stant ial  contribution to the improvement of opportunities of the people 
of these regions, 
Ralph W. Cummings 
Director 
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S U M M A R Y  
A t  t he  request  of Dr. R. W. cummings, then Chairman of the  ICHISAT 
Organizing Committee, B.A. Krnntz commuted from Delhi t o  s t a r t  o f i e l d  
research  program during the monsoon ( k h a r i f )  season. During the f i r s t  
season a t  ICRISAT, the  area  experienced the Ifworst drought on recordf1 with 
n l a t e  and weak monsoon. The May-March r a i n f a l l  was 46% of normal. During 
the  monsoon (kha r i f )  and post  monsoon ( m b i )  seasons, :I t o t a l  of 26 experi-  
ments were oonducted on both the red nr.d black s o i l s  involving comparison 
of da t e s  of p lant ing ,  f e r t i l i z e t i o n ,  ve r i e t i ev  and intorcropping pa t t e rns  
with sorghum, pea r l  m i l l e t ,  pigeon peas, soybearis, ch ick  peas, sunflower 
and safflower ( t a b l e s  6 - 35). The following a3mar.:{ statements a r e  baszd 
on the  r e s u l t s  of these  experiments. 
1. I n  the  Date of P l m t i n g  T r i a l s ,  the yield:: of :ill sorghum v a r i e t i e s  
were d i s t i n c t l y  b e t t e r  i n  the e a r l i e r  da t e s  of plclnting. The r e l a4 ; ive  ~rcii:: 
y i e l d s  f o r  da t e s  1, 2 ,  3 and 4 were 100, 96, 72 anfl 24 .  The high incidence 
of shootf ly  was the major f a c t o r  c:rusiw the jricld reduction i n  da t e s  j ?.cd 3 .  
I n  con t r a s t ,  the pear l  m i l l e t  mid pigeon pea yit2ld:; worc only s l i g h t l y  reduc1:d 
a t  the  l a t e r  da t e s  of planting.  
2. The number of days from plant ing  t o  heading wa2 g r e a t l y  reduced with 
the  l a t e r  dotes of p lant ings  i n  both sorghum and mi l l e t s .  The number of 
days t o  75"Johcding f o r  sorghum f o r  da t z s  1, 2 ,  3 and 4 was 65, 60, 54 and 
52, respect ive ly .  The number of days t o  heading fop  m i l l e t s  was 56, 52, 46 
~ a ~ r o n o m i s t ,  s o i l  & Water '2nbfincer (s ince  January 1975) m d  Research 
Technician, respect ive ly .  
and 38, respectively. These r e s u l t s  indicate  that  the sorghum and pearl  
mi l l e t  v a r i e t i e s  used i n  t h i s  t r i a l  were photo sensi t ive .  
3, There was a response t o  phosphorus application i n  a l l  amps grown, 
pa r t i cu la r ly  on the red s o i l ,  During the rabi  season (October 15 planting),  
f e r t i l i z a t i o n  t r i a l s  were conducted on f i v e  crops on adjacent areas i n  the 
red s o i l ,  This gave an opportunity t o  study the comparative f e r t i l i z e r  
responsiveness of these crops. There was a marked visual  and ea r ly  seedling 
response on a l l  f i v e  crops, The magnitude of the yie ld  response was g rea tes t  
i n  case of sorghum where tho yie ld  of Po and P30 was 2.2 and 30.0 q/ha, res- 
peetively.  The ranking of the magnitude of phosphorus yield response on the 
other  4 crops i s  a s  follows I pear l  mi l l e t ,  sunflower, safflower and chick 
peas. Pigeon Peas grown i n  an adjacent experiment showed no response t o  
phosphorus. 
4. I n  the red s o i l ,  phosphorus d i f f e r e n t i a l s  were included i n  t r i a l s  2 ,  
3, 9 & 1 which were planted over a 3.5 month period. The respective planting 
da tes  of these four  t r i a l s  were June 29, July  17 ,  August 30 and October 14th. 
The magnitude of phosphorus response was f a r  g rea te r  i n  the l a t e r  pa r t  of the 
season than i n  the June 29 plantings. The increase due t a  phosphorus i n  
t r i a l  2 ( ~ u n e  29) and t r i a l  11 (October 14) was 7.7 and 27.8 q/ha, respectively 
The t r i a l s  planted i n  July and ~ u g u s t  were intermediate i n  magnitude of res- 
ponse t o  phosphorus. The d i f f e r e n t i a l  magnitude of response t o  phosphorus 
i n  pear l  mi l l e t  was s imi la r  t o  tha t  of sorghum. 
5. Tr ia l s  involving nitrogen Llnd potassium differentials were conducted 
on sorghum, pearl  mi l l e t ,  pigeon pens, swflowcr  and safflower. I n  almost 
a l l  cases there was a response t o  the f i r o t  40 &/hn increment of nitrogen 
and no appreciable respcqsu above the 40 k g  N ra te .  There was no s ign i f i can t  
y ie ld  response t o  potassium i n  any crop on c i t h e r  s o i l .  
6 .  Sorghum hybrid, CSH-1 generally gave the highest y ie ld  i n  both red and 
black s o i l s .  The super ior i ty  of CSH-1 wzs more marked i n  the red s o i l  during 
the  khsr i f  season when there  was a moderately severe s o i l  moisture s t ress .  
7 ,  ?he highest average sorghum yield reaordod in any experiment on the bloc 
soil was 51 q/ha (average of CSH-1 and CSH-3 - table 6). 
8. Carbofuran gave excellent control of flea beetles as well as shootfly 
in the late ~ugust sowings, 
9 ,  Most of the shootfly tolerant selections exhibited some tolerance to fle 
beetle attack as well as to shootfly attack. 
10. Since comercia1 varieties with shootfly resistance cannot be expected 
soon and no low cost chemical method is available, methods involving avoidanc 
of shootfly should be further investigated. Plnntings made at the onset of 
the monsoon were free from shootfly damage due to low survival of the shootfl; 
duriw the preeeeding hot summer, In the black cotton soils planting is 
comonly delayed until late in the monsoon period because of the difficulty 
of soil manipulation before and during the monsoon. In the Fanning Systems 
Reseilrch program, much emphasis is being directed toward development of soil 
and water management techniques which would make it foasiblo to plant in the 
black cotton soils at the onset of the monsoon. 
11. In the pearl millets there was relatively little grain yield difference 
between the 4 hybrids HB1, HE3, HB4 and HB5. During the kharif season the 
yields of all four hybrids was markedly above that of the Vijay (local). 
However, during the rnbi season the grain yield of Vijay was equal to or 
better than that of the four hybrids and K 559. The reason for this appears 
to be relzted to the comparatively better seed s e t  of V i j a y  during the cool 
rabi senson. 
12. The possibility of rutoonin~; pearl millut for multiple harvest appears 
promising, During the kharif in n fodaor-grain hclrvust system, HB-4 produced 
233 q/hn of high quality green fodder ('38 q/hn air dry) followed by a ratooned 
grain mop of 13 q/ha, 
13, The ratoonability of the pearl millet makes it n very flexible and useful 
plant in the Farming Systems Program. When pearl millet was harvested at 
flowerirg; stage there was alvays o profusion of tillers which prodwed a good 
ratoon crop in 3 to 4 weeks. However, when the first crop was allowed to grow 
to maturity for grain harvest most of the small tillers died and regrowth 
was slow and ratoon yield was me~ager. The greatest total production of pearl 
millet was prodwed in the harvest procedure involving two foddar crops 
followed by a grain crop, In this system the first crop was harvested at 
52 days, the ratoon fodder crop nt 71 days and the final ratoon grain cmpe 
at 129 days. 
14. The vegetative growth of pigeon peas appeared to be good but the grain 
yield level was relatively low in all experiments. The ree.son for the low 
yield is not known) but the severe stta~k of the red and black blister beetles 
on the flower buds is believed to be an important factor. .. 
15, The growth and yield of pigeon pea was relatively insensitive to fertili- 
zation, added inorulum or the dates of planting used in these experiments. 
Likewise, there was relatively little difference between the varietie~ used, 
It is obvious that much intensive research on pigeon peas is needed to develop 
varieties a d  production techniques which will provide greater yield potentials. 
16. fie general yield level of chick peas was relatively low. This may be duo 
in part to the wider than nc-1 row spacing. used (45 cms. ). The early flower- 
ing varieties (40 - 50 days) tended to heve better scud sot and higher yield 
than the late flowering varieties (65 - 75 days). This nny be due to the higher 
temperatures rind tho greater soil moisturc stri::~ which occured late in the 
growing season. There was nc signifieani diff~ri:;~, between the three inoculums 
used, and nitrogen applicaticn hsd no bcr~tficinl tff.;ct on either soil. 
17. Sunflower variety K! 66974 gavt the highest yield and Sunrise variety the 
lowest yield on the red sc;il. There was no ~igr~ificrmt difference between the 
other three varieties. The highest sunflower yield was 17.3 q/ho in the black 
soil which was 5 ~ 7  above the yield ,f th6 red 8051. 
18. There was no s ign i f i can t  d i f ference between the s i x  safflower va r ie t i e s  
- 
- 
on e i t h e r  the black o r  red s o i l ,  but C-440 tended t o  give the highest; y ie ld  
and C-437 the lowest y ie ld  on both so i l s .  The top yie ld  of safflower on 
black s o i l  was 21.2 q/ha which was almost double that  of the red s o i l .  
1 I n  the pigeon pea - pearl  mi l l e t  intercropping experiment there were 
l a rge  yie ld  di f ferences  due t o  p l a t i n g  pat terns .  I n  the a l t e rna te  row t rea t -  
ment, pearl  mi l l e t  was able t o  cap i t a l i ze  on the space l e f t  vacant during 
the f i r s t  s i x  t o  e igh t  weeks while the slow growing pigeon peas were bacoming 
established. The y ie lds  of pearl  m i l l e t  fodder o r  grain  i n  the a l t e rna te  row 
p lo t s  werc 50 t o  6% higher than those of the so l id  plantings on an area basis.  
Apparently, the harvest  of the pear l  mi l l e t  was ea r ly  enough so that  the 
y ie lds  of the companion pigeon pea crop i n  altcrnatc,  rows was reduced by only 
0.9 q/ha below tha t  of the so l id  planting of pigeon pcas, on an area basis.  
Thus the t o t a l  production of the a l t e rna te  rows systom was over 5% grea te r  
than t h a t  of the system involving sol id  planting of cnch of the two crops. 
20. I n  the pigeon pcas - soybeans intercropping t r l n l ,  soybeans showed only 
a s l i g h t  tendency t o  cap i t a l i ze  on the vacant spacc i l l  the a l t e rna te  row 
treatments. The Bragg var ie ty  which was used produced n very snrtll vdgetative 
growth due to  extremely ea r ly  flowering (31 days) of t h i s  determinant growth 
var ie ty .  With t h i s  small growth, the soybeans might have produced more i f  
the soybeans rows had been spaced c lose r  together. 
21. The Swastik g ra in  d r i l l  was ncdified by mounting two seed boxes behind 
and above the regular seed box. By t h i s  modification two crops can be planted 
simultaneously, each n t  i t s  own proper r:.te 'of sowing. 
22. During t h i s  abnormally dry seasc;n, IClUSAT experienced rl 46-day drought 
( ~ u l y  4 t o  August 20). Duriw ear ly  August, n minimal amount of water (about 
5 cms.) was applied by spr inkler  t o  "breaku the drought, This mount of 
water was su f f i c ien t  t o  save the crop u n t i l  a 55 mm r a i n  c,me on August 20 t o  
24th. Since no water appl icat ion var iables  were possible i n  these experiments, 
we cannot measure the  exact  y i e ld  cont r ibut ion  of the  5 om of water applied.  
However, with the  severe w i l t i n g  observed j u s t  before applying the i r r i g a t i o n ,  
i t  i s  believed t h a t  much of the  sorghum crop and m i l l e t  crop would have been 
a nea r  f a i l u r e  without t h i s  minimal supplemental i r r i g a t i o n .  The marked e f f eo t  
of minimal i r r i g a t i o n  g ives  us g r e a t  encouragement f o r  the  development of 
improved water harves t ing ,  s torage  and u t i l i z a t i o n  techniques i n  the  Watershed- 
Based Formine; Systems. 
23. I n  J a r ~ u r y  1973 wcrk was s t ; ~ r t e d  t:, devu1.p f i v e  na tu ra l  watersheds for 
conple te  monitoring of the  water b,?larict, :md intonsii,u da t a  c u l l e c t i o n  on 
croppirig systems of vc r i ab lc  conpouit,icr-1 which w i l l  h e  applied to  these 
c a t c b e n t s .  The a reas  se lec ted  f o r  study 3re loca ted  along the western 
boundary of tee txperimentnl f n m  on thc b l :~ck ( co t ton )  s o i l s r  The watersheds 
vary i n  s i z e  from 3.6 t o  19.1 ha ,  the t c t a l  n r e n  of thc  f i v e  watershed being 
about 48 ha. Two of the  zxperinentnl  wr~tersheds w i l l  be maintained i n  t h e i r  
present  s t o t e  and layouk. Twc vcr i a t ions  of present ly  applied cropping 
pa t t e rns  i n  the  Hyder~bnd region w i l l  be simulated on these. I n  the  remaining 
th ree  catchments, e f f o r t s  w i l l  be mads tn f a c i l i t a t e  ,an optimum use of the  
morrsoon p r e c i p i t a t i o n  during khar i f .  Grassed wnterw~ys a re  being constructc-d 
t o  ca r ry  off  excess r a i n f a l l .  I n  the  ln rges t  wnterehed n surface  s torage  pond 
approximately 4 m deep with n c:~pncity of ,about 0.2 hn n i s  present ly  being 
b u i l t  f o r  c o l l e c t i o n  and r e - u t i l i z n t i o n  of surface  run-off water. A s  new 
information i s  being generated,  inproved systems of farming w i l l  be super- 
imposed on the  watersheds with the  u l t imate  aim o f  developing "models of 
approach'' t o  the  development of farming systems which make thz  bes t  use of 
given s o i l ,  water (and human resources.  
I N T R O D U C T I O N  
A t  the request of D r .  R. W. Cummings, then Chairmnn of the ICRISAT , 
Organizing Committee, a f i e l d  research program was s t a r t ed  d w i ~  the monsoon 
(kharif  ) season of 1972. 
General Qb jec t ives  
1. To eonduct a wide spectrum of f i e l d  investigntions t o  got useful 
leads f o r  fu tu re  Farming Systems Rese~rch Progrrm. 
a. To aecomplivh th ia  goal,  agror:unic xpcrl:nurlts were conducted 
i n v o l v i w  ~omparisons of f e r t l l i z ~ . t l o n ,  d r t e s  of planting, va r ie t i e s ,  
inoculatarits and i n t e r c r o p p i ~ i j  p a t t a m s  of t h e  bast  avai lable  
v a r i e t i e s  of sorghum, pearl  mi l l e t s ,  plguon peas and soybeans during 
the kl,:lrif season. 
b. D u r i ~ g  the rab i  ocason, s imi la r  s tudies  were conducted on sorghum, 
pearl  ~ i l l e t ,  pigeon peas, ahiek pens, k:ibuli chick peas, garden 
peas, sunflower and safflower. 
2. To observe and measure yie lds ,  growth responses, insect  in fes ta t ions  
and rooting pat terns  of the various crops. 
3. To observe s o i l  erosion p r o b l e ~ s  and response8 of black and red s o i l s  
to  t i l l a g e  and management techniques. 
Pic ture  ~ e c o r d  of ~ a r l y  Developments 
A. pic tu res  were taken of key places of the I n s t i t u t e ' s  property t o  
record the i n i t i a l  s i t u a t i o n  before s t a r t i n g  any f i e l d  o r  construction 
operations. 
B, P v t u r e s  were taken of key events, construction s t a r t s ,  Fie ld  opera- 
t ions  and crop rasponses i n  Experimental p l o t s  including the  following : 
1. -ling over of the t i t l e  of the property. 
2. The s t a r t i n g  of the brush clearing by bulldozers on May 2. 
3. Star t ing  of the planting operation on June 24. 
4. Boundary road construction. 
5 .  Boundary fence in s t a l l a t i on .  
6. Drain construction, culverts  i n s - d l n t i o n s .  
7. Construction of  temporary farm survicc: building. 
8. Experimental p lo ts  depicting nu t r i en t ,  var ie ta l  and intercmpping 
responses and various cu l tura l  operat ions .  
9.  Soi l  p rof i les  and typical  ourfacc landscape fuatures  of both the 
red and black so i l s .  
A l l  p ictures  were taken both i n  color  and black and white. A l l  of 
these pictures  a r e  being cataloged, label led and w i l l  become part  of the 
ICFUSAT permanent f i l e .  It i s  hoped tha t  these picturos w i l l ,  i n  the years 
t o  come, have h i s to r i ca l  signifioance as well as  showing early research and 
land development programs. 
Soi l s  of the 1972 experimental area 
Two experimental s i t e s  of about eight  hectares each were chosen, one 
representing red s o i l  and the other representing black s o i l .  The same 
experiments were planted or both the black and the red s o i l  s i t e s .  
A temporary fence was constructed around both s i t e s  t o  protect  the 
experiments from c a t t l e ,  sheep and goats. I n  both s o i l s  the kharif experi- 
ments were planted i n  a 72 x 400 meter s t r i p  across the north s ide  of the 
s i t e  and the r ab i  crops were planted along the south s ide  of the s i t e .  
m e  s o i l  samples were taken before planting from both s i t e s  ( tab le  1 ) .  
Table 1. ICRISAT Soi l  A n a l y s i ~ a m p l e s  taken and analyzed i n  1 % ~  1972* 
~ v a i  1. K ( P P ~ )  Avail . Organic Mechanical 
Location pH E.C. P2O5 Ex- non-ex zino Carbon Separates % 
( P P ~ )  K K (ppm) ( )  Sand silt clw 
 lacks soil 8.6 0.12 9.0 206 663 1.10 0.42 33 14 53 
(west)  
Black s o i l  8.7 0.20 14.5 197 719 0.80 0.41 35 1 3  51 
(Eas t )  
Red So i l  6.2 0.60 4.5 91 494 1.10 0.44 78 17 
  rush a rea )  
~ c d  Soi l  6.1 0.08 7.0 104 438 0.85 0.38 76 20 
(s. cropped) 
Red Soi l  7.3 0.09 11.0 65 363 1.25 0.32 e l  15 
(N. cropped) 
*Samples from the blaok and red s o i l  experimental nreas wore tcken by B.A.Krantz 
and analyses were made by Dr.  C. Krishnamurthy (E.c. moles/cm of 182.5 s o i l  - 
water r a t i o .  
Land Preparation and Planting Operations 
Bed s o i l  - After the removal of brush ,md old boundary bunds, the area  was 
ch i se l l ed  i n  two di rec t ions  as  deep as possiblo with civiiilable r ipper.  The depth 
a t ta ined varied from 30-45 cms, depending on the  hardrieoo of thu subooil. The 
ch i se l l i ng  operation was done f o r  two reasonsr i )  t o  break up the compacted 
c lay  subsoi l  i n  the cropped arcn and ii) t o  loostn brush roots  i n  the uncropped 
area  so they could be removed before the planting operations. The area was then 
disced and f loa t ed  (wooden f l o a t )  t o  f i l l  the micro-depressions, before spraying 
with a ldrex  @ 2 &/ha of ec t ive  ingredient  to  cont ro l  termites,  (This area  was 
heavi ly  infes ted  with te rmi tes ,  which occurred i n  the brush clumps o r  i n  the 
sorghum s tubble) .  The f i e l d  was disced fmmediatcly t o  incorporate the  aldrex. 
The area  t o  be planted with 75 cm rows  rials 1-5, & 8)  was ridged, r i ng  ro l l ed  
and planted,  using the belt- type planter .  The intercropping area  ( t r i a l  6 & 7)  
which was planted in 45 mn rows with the Swastik g ra in  d r i l l  was not  pre-ridged, 
but small furrows were made with 3 r idging shovels mounted on the  d r i l l .  
Black s o i l  - After the  brush and bund removal, the  only land prepara t ion  
required on the  black s o i l  Was 2 disc ing,  1Jo aldrex  spray was given'because 
no t e r n i t e s  were observed i n  the black s o i l  s i t e .  The r idg ing  and plant ing  
operations were the same a s  f o r  the red s o i l .  
The assembling of t'ne necessary seed, f e r t i l i z e r  and experimental equip- 
ment; the  borrowing of land preparation equipment; the borrowing, buying and 
adapting p lant ing  equipment; and  t r a i n i n g  f i e l d  men and l abore r s  i n  the  sho r t  
time ava i l ab le  presented e re;; c h ~ l l u n g e .  The delay i n  the onset  of the  
monsoon (about two weeks) gave us extra prepara t ion  time and we were able  t o  
s t a r t  the khar i f  p lant ing  on June 24th - 5 days a f t e r  the  gradual  onset of the  
monsoon r a ins .  I n  the black s o i l ,  there  was ronsiderably v a r i a t i o n  i n  p l an t  
growth where bunds had been l eve l l ed  o r  where s o i l  was bulldozed i n t o  a 
depression. 
I11 tho former bund a reas ,  the crop emergence and p l an t  growth were poorer 
than i n  the  normal s o i l .  Tflis emphasizes the a d v i s i b i l i t y  of  p lant ing  a genera: 
crop f o r  one season t o  he lp  overcome gross  s o i l  va r i a t ion  before s t a r t i n g  on 
experiment. It a l s o  emphasizes the  need f o r  avoiding deep c u t s  when grading 
land f o r  experimental work, 
The f i r s t  r a b i  plnntings were a t  the end of ~u#us t  ( t r i a l s  9 & 10).  The 
balance of the r a b i  p lant ing  ( t r i a l s  11-18) were mnde i n  mid Octobcr. 
Kharif season 
During t h c  f l r s t  crop season a t  IC GSx:', the  Ivderabad aroa  experienced 
the  "worst drought on r ~ c o r d ~ l .  Tab1 2 ::rows t i l t .  ncrmal r a i n f a l l  f o r  
Hyderabad and Sarigareddy a rea ,  tne raln::~ll a t  1C:CTSiiT and the  percentage 
depar ture  from normal each month. 
Table 2 - Monthly r a i n f a l l  i n  1972-73 a t  ICRISAT and per cent of average 
normal r a i n f a l l  i n  the area. 
May 
June 
July 
Aupius t 
September 
October 
November 
December 
January 
Fd bruary 
March 
Percent 
of 
normal* 
-
% 
Normal Rainfall  (mm) 
mean of 
Hyderabad @wareddy Hyd. & Sanuaredd; 
mln mm m 
* Data from Hyderabad, no r a i n  gauge a t  ICRISAT u n t i l  Au@;ust. Average noxmale 
a t  Hyderabad and Sangareddy used t o  cnlculnte l1Percent of Normalfl f o r  1972 
r a i n f a l l  a t  ICHISAT. 
Every month had below normal r a i n f a l l  and the tot:ll May - Marah r a i n f a l l  
was only 46% of normal a t  ICRISAT. The longest drought period during the k h r i f  
was from July 4 t o  ~ u g u s t  20. Durirg tha t  period, minimal supplemental i r r iga -  
t ione were given t o  a l l  experiments, drawiw water from the nearby dug wells. 
The amount of water applied during kharif was 3-4 cm i n  the black s o i l  and 
4.5 cms i n  the red s o i l  experiments ( table  3) 
Eabi  Season 
A t  the  August 28 and 30 p l m t i n g s  ( t r i n l  9 & 10)  the  s o i l  moisture was 
sufficient f o r  good germination 2nd stand establishment. However, a t  tho mid- 
October p lant ings  ( t r i a l s  11-18) the  surface  s o i l  was so dry t h a t  2 t o  3 crns 
of s p r i n k l e r  i r r i g a t i o n  wnter w 2 s  applied a f t e r  p lant ing  t o  germinate the seed. 
Since the  r a b i  p1,mtings were made on f ~ l l o w  lcnd there  was some subsoi l  moistu 
e spec ia l ly  i n  the  black s o i l .  The only m i n f a l l  a f t e r  p lant ing  was small 
showers during October 29-51 and Iqovember 26 (see t a b l e  3 ) .  The t o t a l  of these  
showers was only 2.2 cm. Therefore, minimum i r r i g a t i o n  was necess i ta ted  t o  
prevent crop f a i l u r e  and achieve the  s t a t ed  objec t ives  of the  experiments. The 
t o t a l  amountsof water applied by experiments f o r  the red and black s o i l  a r e  
given i n  Table 3. 
Table 3 - The da te  and amount of supplemental i r r i g a t i o n  water applied 
during Khnrif and Rabi seasons. 
Kharif Amount 
Red S o i l  - 1st spr inkl ing ,  Aug. 2-4 2.5 em 
2nd " 18 2.0 em 
 lack S o i l  - T r i a l s  1, 3, 4, 6 & 7 1 s t  spr inkl ing  July 30 2 oms 
2nd AW 17 2 cma 
T r i a l  2, 5 & 8 only one spr inkl ing  hug 14 3 cms. 
a 
Red & Black s o i l  - Uniform sp r ink le r  app l i ca t ion  on n l l  t r i a l s  
a f t e r  p lant ing  f o r  stnnd estntiilshment 4-5 cma 
On the  red s o i l  t he re  was no f u r t h e r  water applict i t ion on t r i a l s  17 ,  t r i a l  11 - 
saf f lower  nnd t r i e l  11 - sunflower. A l l  o ther  r ab i  t r i a l s  received about 
3 t o  4 cms of add i t iona l  water by sprinkler. 
On the  black s o i l  there  was no f u r t h e r  wnter , ~ p p l i c n t i o n  on t r i a l s  11 - safflowc 
t r i a l  15, t r i a l  16 ,  and t r i a l  17. A 1 1  o thc r  t r i a l s  received an add i t iona l  
5-7 cm of water by furrow method. 
m he t o t a l  r a i n f a l l  from plant ing  t o  maturi ty during tho two seasons a r e  a s  
foliows I 
Kharif ( ~ u n e  24 t o  Oct . 15 ) 31.7 Cm 
Rabi ( 0 c t . 1 5 t o M a x u h 3 1 )  2.2cms.  
DISCUSSION OF KESULTS 
General 
For the convenience of disgussion, the results are grouped by arops for 
both the black and red soils. In the case of sorghum and millets both the 
kharif and rabi experiments are discussed together in order to make comparisons 
of the responsiveness of various fertilizer nutrient and differential variety 
reactions. The one exception to the groupiw by crop3 is the interaropping 
experiments (trials 6 and 7) where the companion crops are discussed together. 
In tabulating the results of trial 1, trial j, trial 9 R  and the sorghum 
in trial 2, only the main effects of main plotv and split plots are given in 
the tables 6, 7, 9 & 10. In most eases the interaction between main plots and 
split plots was not significant and in the few cases where the interaction was 
significant, the magnitude of interaction was too small to be of practical 
importance. Thus two-way tables giving interactions were omitted from the 
report. 
All stalk and green fodder weights were taken as fresh weights immediate13 
after haryest, Due to a lack of drying facilities it was not possible to take 
dry weights on each individual plot. Dry weight8 were obtained by cornpositing 
an aliquot sample from eaeh of the 4 replicates of each treatment, The dry 
weight means were obtained by multiplying the means of the green (fresh weight) 
by the dry weight percentage of the composite samples. Thus no statistical 
analysis vas possible for the air dry weights of &TJ stalks or fodder yields. 
For the purposes of this report, reference to flstalks,f indicates the 
hamest of the stalk and leaves which remain after the grain heads have been 
removed. The term flfodder', refers to ii h t ~ r v e s t  wherc the whole plant is harvest 
at flowering stage. ~ l l  grain, stalk anrl fodder yields given in table 6 - 35 
are recorded in q/ha. The values given are averages of four or more replica- 
tions. 
Seedling samples were taken i n  t r i a l s  2, 3 ,  9 and 11 on selected t r ea t -  
ments t o  determine the e f f ec t s  of f e r t i l i z e r  and other treatments upon seedling 
weight. I n  a l l  cases,  10 plants were selected a t  random from the guard rows fron 
each p lo t  of the 4 repl ica t ions .  The average f resh  weight and oven dry weight 
of 4 repl ica t ions  arc  given i n  grams f o r  each treatment. The seedling samples 
i n  t r i a l s  2, j & 9 ( t ab le s  7 ,  9 arid 10) were taken a t  j to  4 weeks a f t e r  plant- 
ing. I n  t r i a l  11 ( tables  jj and 35) the samples werc taken a t  about 8 weeks 
a f t e r  planting. 
The dates  of p l a n t i w ,  emergence, harvesting and other cu l tu ra l  operations 
f o r  the kharif  and rabi  season are  given i n  t ab le s  4 & 5. 
SCRGHUM EXPEPIENTS 
During the kharif  and rabi  seasons nine sorghum experiments were conducted 
on both red and black s o i l s  involving dates  of p lant i%,  f e r t i l i z a t i o n  and 
va r i e ty  comparisons. The r e su l t s  of these t r i a l s  a r c  given i n  tables  6 - 14. 
Planting Dates X Variety m e r i m e n t  - Tr ia l  1 
The comparative y ie lds  of the 4 sorghum cu l t iva r s  a t  4 planting dates  are  
given i n  t ab le  6. ~ h t ,  f i r s t  p l m t l n g  was made a t  the onset of the monsoon and 
the 3 subsequent plantings werc made a t  10 days interv:l l  thereaf ter .  The a c t ~ l l  
da te  of f i r s t  planting was June 24 on thc black s o i l  and June 29 on the red so i l .  
Delayed plantirig raused a d r a s t i c  reduction i n  y ie ld  of a l l  sorghum cu l t iva r s  
The average r e l a t ive  gra in  y ie lds  of both s o l l s  f o r  Datcs 1, 2 ,  j and 4 were 
100, 96, 72 and 24, respcctivcly ( t ab le  6 ) .  Thc 4th plnntings made about August 
1st and a l l  v a r i e t i e s  were severely attacked by z?iootfly (8% of the p lants  
damaged) which accounts f o r  the severe gralr, y ie ld  rcdilction. 
There was no shootfly damage i n  the f i r s t  arid second dates  of planting. 
However, there  Was a reversal  i n  y ie ld  i n  thc black and red s o i l .  I n  the ease 
of the black s o i l  the f i r s t  planting date y ie ld  was c l ea r ly  the highest  while i n  
the  red s o i l  the second planting waa highest, The reason f o r  t h i s  reversal  i s  
n o t  known, but i t  i s  believed t o  be ru l a t cd  t o  the  severe  moisture stress on 
t h e  red  s o i l  dur ing  the  f i r s t  20 days of ~ u g u s t .  Henderson and ~ m e l t s ~ d  
have shown t h a t  t he  sorghum plant  i s  vary s e n s i t i v e  to  moisture s t r e s s  dur ing  
t h e  pre-boot s t age  when the  inf lorescence  i s  about 5 cm long. 
I n  the  red s o i l ,  the  f i r s t  p lant ing  ~ p p e a r e d  t o  be a t  t h i s  s e n s i t i v e  s t age  
du r ing  the severe moisture s t r e s s  period. W i l e  i n  the  second p lan t ing  the  
in f lo re scence  was probably delayed u n t i l  a f t e r  the  r a i n s  came on ~ugust 20. In  
t h e  b lack  s o i l ,  where the  s o i l  moisturt. s t r e s s  was l e s s  severe ,  t he  f i r s t  d a t e  
of p l an t ing  was c l e a r l y  the  bes t .  The black s o i l  d a t a  n re  i n  l i n b  wi th  d a t a  
from the  All-India Coordinnted Sorghum Improvement Prcgram (AICSIP)~/. It i s  
f o r t u n a t e  the  p lant ing3 a t  onset  of monsoon a re  the b e s t ,  p a r t i c u l a r l y  i n  t h e  
black s o i l ,  because these  s o i l s  with t h e i r  high (55%) montmori l l in i t ic  c l a y  
content  can bes t  be p l m t e d  a t  onset  of t l iu  monsoon. Shor t ly  a f t e r  the  onset  
of t he  mcnsoon these  s o i l s  becomes snturntcd nnd a rc  extremely sLicky and 
d i f f i c u l t  t o  t i l l  o r  p lant .  
The number of days t o  75% heading f o r  da t e s  1, 2 ,  3 and 4 were 65, 60, 54 
and 52, respectively, thus showing n progressive d e c r ~ n s c  i n  the  time required 
f o r  matur i ty  with the l a t e r  dz t e s  o f  planting.  'ithe r e s u l t s  i n d i c a t e  t h a t  these 
4 v a r i e t i e s  a r e  moderntcly s e n s i t i v e  to  photoperiod. 
The average r e l a t i v e  y i s l d s f o r  both s o i l s  f o r  xpe r imon ta l  Hybrid-2219A X 
CS354, CSH-1, 502 :ind 604 a re  100, 94, 75 and 53 ( t a b l e  6 ) .  Again i t  i s  
i n t e r e s t i n g  t o  note  thk dif'f'erenti::l response i ~ f  v a r i e t i e s  under the  black and 
red  s o i l  condit ions.  I n  the blac'r. s 3 i l  where the d i 6 r c . u  of moisture s t r e s s  
was r e l a t i v e l y  low, thc  experi:nentnl hybrid was c l e a r l y  the bes t  and 604 was 
only  s l i g h t l y  below the o the r  two cu l t ivn r s .  However, under tho high mois$ure 
stress condi t ions  of t he  red s o i l ,  thc experimental hybrid was i n f e r i o r  t o  
CSH-1 and 604 was only 4w of t h a t  of CSH-1. These preliminary d a t a  would 
i n d i c a t e  t h a t  ba th  604 a d  the expi-rimentril hybrid a r e  more s e n s i t i v e  t o  
moisture s t r e s s  than  CSH-1. Other worke r sq  have shown t h a t  CSH-1 has been 
&enderson, D. W. & Smeltzer D.G. (1962) I r r i g ~ t i o n  & Drainage L e t t e r  No. 18  
Univers i ty  of Cal i fornia .  
g ~ i n g h ,  M., B.A. Krnntz and C.B. Baird, Agronomic Production Techniques i n  
Sorghum. I n t e r n a t i o n a l  sorghum Symposium a t  Hyderabad, October, 1971. 
ab le  t o  stand drought s t r e s s  conditions b e t t e r  than most of the  other  sorghum 
cu l t iva r s .  The average g ra in  yield on the red s o i l  was about 84% of t h a t  of 
the  black s o i l ,  
The e f fec t  of planting date  upon s t a l k  yie lds  was s imi la r  t o  t h a t  upon 
the  g r a i n  y ie lds ,  however, the  amount of reduction i n  s t a l k  y ie ld  due t o  l a t e  
planting9 was l e ss .  The r e l a t i v e  s t a l k  yie ld  i n  both s o i l s  f o r  da tes  1, 2 ,  3, 
4 was 100, 97, 74 and 42, respectively,  The s t a l k  yie ld  i n  the red s o i l  was 
about 77% of tha t  of the black s o i l ,  
The v a r i a b i l i t y  i n  t h i s  experiment was higher tinan normal because of the 
problems involved i n  germination due t o  the r e l a t i v e l y  dry Conditions which 
prevailed during the 2nd, 3rd  and 4th planting. TO remedy t h i s  s i t u a t i o n  i n  
p a r t ,  sp r ink le r  i r r i g a t i o n ,  involving 2 cm of water, was applied immediately 
d t e r  the  4th  date  of planting. This assured the emergence of the 4th  date  of 
p lant ing and a l s o  resul ted i n  emergenre of ungerminated seed i n  dry spots  i n  
2nd and 3rd date  of planting. 
F e r t i l i z a t i o n  mperiments 
T r i a l  2 - Kharif 
There was a  marked ea r ly  growth response to phosphorus appl icat ion i n  
both the red and black so i l s .  This i s  shown quant i t ; l t ively  i n  the green and 
oven dry weight of 10 seedlings taken j weeks d t e r  planting. In  the red s o i l  
t r i a l  the p lan t s  with phosphorus weighed twice a s  much of those without phos- 
phorus ( t a b l e  7) .  This ear ly  seedling response a lso  carr ied through t o  sig- 
n i f i c a n t  y ie ld  responses t o  phosphorus appl icat ion t o  the end of the season. 
The growth and yie ld  response t o  phosphorus i n  the black s o i l  was l e s s  than 
t h a t  of the red s o i l  but there  was s t i l l  a  s ign i f i can t  response t o  phoephorua 
a p p l i ~ a t i o n .  There was a  s ign i f i can t  response t o  the f i r s t  40 l b s  increment 
of n i t rogen applied on both soilsand there  was no s ign i f i can t  response above 
the  40 lb .  nitrogen r a t e  i n  e i t h e r  s o i l .  The yie ld  trends f o r  the green and 
dry weight of s t a l k s  were s imi la r  t o  tha t  of the g ra in  yie ld .  
I n  the  red s o i l  the average g ra in  y ie ld  in CSH-1 was 4% above tha t  of 
CSH-J. I n  the  black s o i l ,  however, there  was no s ign i f i can t  d i f ference  between 
the  two v a r i e t i e s .  These r e s u l t s  again indica te  tha t  the  supe r io r i ty  of CSH-1 
i s  most apparent under the  g r e a t e r  moisture s t r e s s  condit ions found i n  the  r e d  
s o i l .  
The genera l  y ie ld  l eve l  i n  the black s o i l  was cons i s t en t ly  above t h a t  
of the  red s o i l .  On the black s o i l ,  the average g ra in  y i e ld  of 4 adequately 
f e r t i l i z e d  treatments of both v a r i e t i e s  ( treatments 2 - 5)  was 43.4 q/ha. The 
average y i e ld  i n  the same 4 treatments i n  the r t d  s o i l  was on 26.1 q/ha o r  
6% of t h a t  of the black s o i l .  
 he percentage f o r  CSH-1 was 7% and f o r  CSH-3 
i t  was only 47s .  
T r i a l  11 - Rabi 
This experiment was s imi l a r  t o  t r i a l  2 which was conducted during the  
khar i f  season. Thi. main d i f ference  i n  obsemed responses was the  much g rua te r  
magnitude of the  y i e ld  response t o  phosphorus application.  This was observed 
v i s u a l l y  2nd i s  r e f l ec t ed  i n  both the seedl ing  weights and f i n a l  g ra in  y ie lds .  
I n  the  red s o i l ,  the oven-dry seed l ing  woight a t  58 days i n  T r i a l  11 
f o r  the  -N, -P, & Np treatments was 136, 31 & 203 grams respectivuly.  The 
respect ive  seedline: weight f o r  these treatments i n  the  black s o i l  was 156, 196 
and 101. I n  the red s o i l ,  the magnitude of P rt:oponuu i s  twice a s  la rgo a s  t h a t  
of t r i a l  2 ( t a b l e  7) .  
It appears t h a t  the magnitude of tht- phosphor~is deficiency increased with 
the  l a t e r  da t e s  of p lant ing  i n  the red s o l 1  - r e ? j .  ?).a t ab l e  below gives  the 
g r a i n  y i e l d s  of the  minus p & lp t r e n t n i ~ t : ;  IT. ? ' o ~ ~ r  r:[ljacent experimsnte planted 
over a 3.5 month period. 
T r i a l  No. pa t e  planted ~ r s i n  Y I ~ L ( L  k ~ / n a ~  
-1, 
 
., 1' - Increase 
due t o  P 
T r i a l  2 June 29 18.7 26.4 7.7  able 7)  
3 - J u l y  17 7.7 26.8 ( I 1  9 )  
It 9 AW. 30 11.8 26.2 14.4 ( " l o )  
It 11 Oct. 14 2.2 30.0 27.6 ( " 8) 
The reason f o r  the  g r e a t e r  P def ic iency and response wi th  the  l a t e r  
p l an t ing  i s  not  known but could be r e l a t ed  t o  c l i a a t i c  condi t ions  and lower 
s o i l  temperature l a t e  i n  the season. This observation should bo s tudied  
f u r t h e r  i n  fu tu re  experiments. 
There was 3 marked response t o  tho f i r s t  40N increment and no s i g n i f i c a n t  
response above 40 kgs/ha of IU on c i t l ie r  isoil ( t ~ . b l e  8 ) .  The magnitude of the 
n i t rogen  responses appeared t o  bc similtir f o r  : . r ia ls  2 ,  3,9 Rc 11 i n  the  red 
s o i l  ( t a b l e s  7 ,  9 ,  10 and 8 ) .  phis  i c i  in contrntit t o  t,he =nitude of phos- 
phorus response mentioned above. 
Thbrc was rlo v l s u i l  reuporise td Km,! lit, ' ; l g l l~ f l cnn t  y i e l d  response t o  K 
i n  any cxper.lmont on c l t h e r  3011 ( t a o l c  7 h 8 ) .  
Likewise tljere was no v isual  evidenct of ucf ic iences  of z inc  o r  any o t h e r  
mieronutr ients .  Since the s o i l  analyses indic- tcd  t i ~ a t  the K and 3 1  l u v e l s  i n  
the  red s o i l  were modcrntoly low ( t a b l e  1 )  continut!d v ig i lance  i s  needed t o  
watch f o r  poss ib le  dc f i c i cnc ios  of K and ZII i r i  the  fu ture .  With continued 
in t ens ive  cropping with adequate N & P, i t  i c  c;cpoctud the def ic icncien  of K 
& Zn may appear wi th in  thc  naxt few yonrn i n  thi: ~hr i l lower  red s o i l  a r ea  of 
ICRISAT. 
F e r t l l l z e r  Plr~cement f o r  seedl ing  s t imulnt ion  
& carbofuran f o r  protcc t lon  f r c n  shootf ly  
T r i a l  3 - l a t e  khar i f  
This t r i a l  involved various p l a c ~ m ~ n t s  of'  N & P f u r t i l i z e r s  (18-46-0) a t  
p l an t ing  of 2 v a r i e t i e s  (cSH-1 ,md CSII-3) with : ~ n d  wibhout carbofuran g r m u l e a  
with the  seed a t  planting. ~ h c  p l a t i n g s  were made on July  15 n t  the  time 
when ehootf ly  i n f e s t a t i o n  would have been expected. JIowev~r,  due to  nbnormally 
delayed mGnsoon t h i s  year ,  t he re  wns no nppreciablc okootfly i n f e s t a t i o n  a t  
t h i s  da te .  ~ h u s ,  we were unable t o  study the e f f a c t  of t rea tments  upon shootfl :  
dam'wc. There was no d i f f e r e w e  duc t o  carbofuran treatment a t  e i t h e r  l oca t ion  
( t a b l e  9). I n  the  red s o i l  t he  y ie ld  of CSH-1 was s i g n i f i c a n t l y  h igher  than 
t h a t  of CSH-J, while on the  black s o i l  t he re  was no s i g n i f i c a n t  d i f f e rence  
between the  two v a r i e t i e s .  (This i s  the same a s  the  t rend observed i n  t r i a l  
2 - t a b l e  7 ) .  
I n  treatment 5 (NP broadcast)  the  seedl ing  growth was r e l a t i v e l y  poor. 
Although the  p l an t s  recovered l a t e r ,  th2 y i e ld  wns s t i l l  s ign i f i can t ly  below 
t h a t  of t he  NP banded treatment ( tnb lc  9). 
The placement of f e r t l l i z ~ r  with thu seed ( t r e ~ t m e n t  6 & 7)  caused 
cons iderable  stand reduction d u ~  t o  geminnt ion  in jury .  Howevur, the  surviv ing 
p l a n t s  appeared t o  t i l l e r  heavily and thus overcome some of the  e f f e c t  of the 
s tand reduction.  However, there  w,~s s t i l l  s i g n i f i c m t  rsduct ion  i n  gre.in y i e l d  
a t  harves t  time due t o  the pl2cement of f e r t l l l z e r  with the  scud (treatment 
6 V s  4 t:lble 9 ) .  
I n  treatments where phosphorus was used, there wns a l s o  a s i g n i f i c a n t  
y i c l d  incrcrlse duo t o  nitrogen appl ica t ion  i l t  plantin(;: time. This was t r u e  
evan t h o w h  amplo ni t rogen w:rs applied t o  a l l  t reatments a t  topdressing time 
t o  eliminati. n i t rogen a s  a l imi t ing  f a c t o r  a f t e r  the :;eedlin(i; s t w e  ( t rea tments  
3 V s  4 i n  tnb le  9 )  
The y i e ld  trends i n  the  black $ o i l  were s imi l a r  t o  tha t  of the rcd o o i l ;  
however, the d i f ferences  were n o t  s igni f icnnt .   in the general  y i e ld  l ~ v e l  
of the  black s o i l  was cons i s t en t ly  higher thcn t h a t  01' the red s o i l  ( t a b l o  9) .  
The g r a i n  y i e l d  of the  NP banded trcatmt:nt of tiv. red s o i l  was 26.8 q/hn o r  
65% of the  41.1 q/ha produced i n  the  Slack s o i l .  
Since the  major o b j c c t i . ~ c  cf t h i s  cxperimtnt was to  study the e f f e c t  of 
f e r t i l i z e r  placement, va r i e ty  and cnrbofnren upon shootf ly  incidence,  tho 
experiment did not  nckiievc the ob,jcctive:: bt.c:~.usc of the low incidence of 
shoo t f ly  a t  t h i s  da te  cf planting.  This experiment wes ropestcd i n  the ea r ly  
p a r t  of the  r a b i  seascn and the r c su l t3  arc given below i n  t r i a l  9. 
X r i a l  9 - Ear ly  r ab i  season 
This t r i a l  was planted a t  the end of August when thc  shootf ly  a t t ack  
was severe.  In  the  black s o i l  thzre was a l so  a severe a t t ack  of nocturnal  
f l e a  b e e t l e s  on the  emerging sorghum seedlings.  P lo t s  with no carbofurnn 
treatment were severely damaged by the f l e a  bee t l e  (over 5q0 of tho p l an t s  
k i l l e d ) ,  P lo t s  with carbofuran showed no in ju ry  m d  dead f l e a  beet les  were 
found on the t r ea t ed  p lants .  Thus ca rbofunn  gave excellr?iit f l e a  beet lo  
con t ro l  a s  well  a s  the expdcted shootfly cont ro l .  
There was a highly s ign i f i can t  g rz in  and s t d k  y i e ld  response t o  carbo- 
fu ran  on both So i l s  ( t ab le  10). There wns almost complete shootf ly  cont ro l  
by carbofuran i n  both s o i l s .  The magnltudo of the shootf ly  damage i r i  tho 
no-carbofurnn treatments was much g r e a t e r  i r i  tho black s o i l  (85$ of p l an t s  
damaged) than i n  the  red s o i l  (3%),  Likcwise the m1.gnitude of the  y i e ld  
response t o  carbofuran was a l so  g rea t e r  i n  the black s o i l  thnn i n  the red 
s o i l  ( t a b l e  10).  
mherc was a marked y ie ld  response t o  phosphom6: on the red s o i l  (11.8 Vs 
26.2 q / h ~ ) .  There was a l so  s 17 day delny i n  heading where P was omitted, 
( t a b l e  10) .  A s  i n  t r i a l  3 ,  the NP broadgzst app l i c r~ t ion  (treatmcnt 5 )  was 
s igni f icru i t ly  below NP banded (tre~.tment 4 ) .  I n  tha black s o i l  there  was no 
s ign i f i c rmt  e f f e c t  of f e r t i l i z n t i m  upon y ie ld  or hending da te .  
A s  i n  t r i a l  3 ,  the placement of NP fertilizer with the sced (treatment 
6 & 7)  caused severe delny i n  emergence ~ n d  r~duced  p lant  o tmd  due to  the 
f e r t i l i z e r  s a l t  i n ju ry  upon geminat ion .  S inct  tk.13 so-called "pop- up^^ t r e a t -  
ment had no apparent benef ic ia l  e f f e c t  upor, the p l m t s  tha t  d id  cmergo and a l so  
caused reduction i n  plant  stand,  the plncem~nt o f  f e r t i l i z e r  with sozghum seed 
has no advantpges pad has a serious dis:ldviintngc. I n  a l l  CRSGS 1P banded t o  
the s ide  of the seed appears to  be by f u r  the best  pliccment of f e r t i l i z e r  f o r  
sorghum i n  the Semi-Arid cond l t ims .  
Shootflg toler@ce Variety exr~t r ic~:nt  
T r i a l  4 - kharif  
Eight shootf ly  to l e ran t  sulectiorw ~2btnined from D r .  N.G.P. Rae were 
compared with CSH-1, CSH-3, CSII-4 and PJ8K ( l o c d ) .  This experiment, l i k o  
t h a t  of t r i a l  3 ,  was planted i n  mid July  with the  expectat ion of severe ehootfly 
i n f e s t a t i o n .  However, due to the  l a t e  monsoon no npgreciable shootf ly  build up 
had ocourred and thus there was no opportunity t o  study the shootf ly  
tolernnce of these va r i e t i e s .  
T r i a l  10  - r a b i  
This t r i a l  was s imi l a r  to  t r i a l  4 ,  but planted a t  the end of August when 
the  shcot f ly  incidence was very high. 
I n  addi t ion  t o  shootfly dnnrge there  was severe damage by f l e a  bee t l e s  
t o  emerging seedlings i n  the b l a c ~  s o i l .  Visual observations indicated t h a t  
t he  shootf ly  t o l e r ~ n t  se lec t ions  al:;u S~CJWL?! sonic f l e n  bee t l e  tulerance.  
Visual s c o r i w  on a 1-10 sci:lci (1 110 ic juzy w.d 10 extreme in jury)  mado on 
September 19 were as  fal lows 8 
Variety No. S c x e  
-
1 - I; 4 - 5 
7, 8, 9 & 12 6 - 8  
10 & 11 0 - 10 
Thus i t  nppears t ha t  Vnriztio:: 1 - 6 which showtd some shootf ly  tolerance 
a l s o  possessed c o n s i d ~ r l b l e  f lon  beet le  tolerance ( t ab le  12) .  Likewise, the 
3 hybrids which showed the grcntes t  shootfly damage ~ 1 3 0  showed the g rea t e s t  
f l e a  bee t l e  doasge. The possible l inking of shootfly tolerance and f l e a  beetlc 
to lerance  should be fu r the r  checked by breeders mld entomologists. 
S igni f icant  y ie ld  differunccs were found i n  both s o i l s  but y i e lds  aro  of 
l i t t l e  o r  no importance i n  t h i s  t r i a l  ( t ab le  12).  
m e  0 shootf ly  to l e ran t  en t r i e s  were crossed i n  a l l  possible  combination^ 
i n  both t r i a l  4 & 10. Plantingo werc a130 made on December 10 & 20 i n  the red 
s o i l  and rrossed i n  a11 possible conbinations. A l l  of the progenies of these 
crosses  w i l l  be turried over t o  D r .  Doggctt ar~d the ICIUSAT entomologist f o r  
t e s t i n g  and f u r t h e r  crossing,  
Since no shootf ly  to l e ran t  commercial v a r i e t i e s  can be expected soon and 
oontro l  by carbofuran i s  r a the r  expensive, o ther  methods such a s  avoidance of 
periods of high build-up of shootfly should be f u r t h e r  explored, 
~ l l  l a t e  sorghum plant ings  ( l a t e  July through ~ecember )  experienced 
varying degree of shootf ly  in fe s t a t ions .  However, the p lant ings  a t  onset  of 
monsoon were f r e e  from shootf ly  problem due t o  the  low shootf ly  su rv iva l  during 
the  p r s ~ e d i n g  hot  summer season and the  t i n e  required f o r  t he  population t o  
bui ld  up. It therefore  seems log ica l  t o  attempt t o  work out  cropping systems 
i n  which almost a11 sorghum could be planted a t  the onset of the  monsoon. This 
i s  f a i r l y  common p rac t i ce  f o r  red s o i l s ,  but i n  the black s o i l ,  p l an t i% is  
usua l ly  delayed u n t i l  near the  end of the monsoon because of wel l  known 
d i f f i c u l t i e s  of s o i l  manipulation j u s t  before and dur ing the  monsoon. 
Fu r the r  research should be d i rec ted  t o  the s o i l  and water management 
problems involved and develop s o i l ,  water and crop mnnagement t h a t  w i l l  make 
i t  f e a s i b l e  t o  p l an t  sorghum a t  the  onsct of the  monsoon i n  a l l  s o i l s  inc luding 
t h e  black cot ton  s o i l s .  The Farming System Rosearch program a t  ICRISAT has 
t h i s  a s  one of i t s  major objec t ives  from the standpoint  of water and s o i l  
management a s  well  3s  evasion of the shootf ly  problom. 
Sorghum Variety Fxperimel~ts 
T r i a l  8 - Kharif season 
I n  the  red s o i l ,  5 sorghum c u l t i v s r s  were compared ( t a b l e  13) .  The g r a i n  
y i e l d  of CSH-1 was 36.7 q/ha, which was s i g n i f i c a n t l y  above any of the  o t h e r  
c u l t i v a r s .  I n  the black s o i l  CSH-1 gave the  h ighes t  g ra in  y i e ld  (40.6 q/ha),  
but  there  was no s i g n i f i c a n t  d i f f e rence  between thc 4 cu l t iva r s .  The weight 
o f  green s t a l k s  of CSH-3 wan s i g n i f i c a n t l y  h igher  than t h a t  of any of the  o t h e r  
c u l t i v a r s  on both the black <and red s o i l s .  
To s tudy the  r a toonab i l i t y  of various c u l t i v a r s  one ha l f  of these  p l o t s  
were harvested f o r  green fodder a t  the f lowering s t w e  and then allowed to  
ratoon. CSII-3 gave the highest  y i e ld  a t  the f i r s t  harves t ,  but the  lowest 
ratoon fodder y i e ld  ( t a b l e  13) .  The ratoon fodder y i e l d s  of a l l  sorghum 
c u l t i v a r s  were considerably poorer than those of the  pear l  m i l l e t  c u l t i v a r s  
which w i l l  be discussed l a t e r ,  
Trial 1 3  - r a b i  season 
The g r a i n  and s t a l k  y i e l d s  of 3 hybrids (CSH-1, 3 & 4 ) ,  S w a m  and PJ8K 
f o r  black and red s o i l s  a r e  given i n  t ab le  14. I n  the red s o i l s  a l l  t h ree  
hybrids gave s i g n i f i c a n t l y  higher y i e lds  than Ywarna and PJ8K. The y i e l d  trend 
i n  t h e  black s o i l  was s i m i l a r  t o  the t  o f  the  red sos l .  In  the  black s o i l  t he  
y i e l d s  of CSH-4 and CSH-1 were 40.9 and 39.3 q/ha respect ive ly .  The average 
y i e l d  l e v e l  i n  the  red s o i l  was only 68% of t h a t  of the black s o i l .  
The r e l a t i v e  number of days t c  heading of CSH-1 and CSH-3 reversed 
pos i t i ons  i n  moving from the  khar i f  t o  the  r a b i  season. During khar i f  the 
average number of days t o  7 5 s  headin@ f o r  CSH-1 & CSEi-3 was 64 and 7 3 ,  res-  
pec t ive ly  ( t a b l e  7) .  I n  the r ab i  the respect ive  number of days f o r  CSH-1 and 
CSH-3 was 58 and 51 ( t a b l e  14) .  These da t a  ind ica t e  the extreme photo sens i -  
t i v i t y  of CSH-3. 
CSH-1 produced the highest  average g r a i n  y i e ld  of t he  5 c u l t i v a r s  dur ing  
both the  khar i f  and r a b i  seasons. The average y i e ld  dur ing  khar i f  and r a b i  
reasons was 39.2 and 34.6 q/ha, respect ive ly  ( t a b l e  13 & 14) .  The r e spec t ive  
y i e l d  f o r  t he  black and red s o i l s  was 40.0 and 33.5 q/ha ( t a b l e  13  & 14) .  
Table 4 Dates of Planting, cultural operations", .md meaaurernentv 
during khnrif 1972 
Trial Planti% mergence 
NO. Date 
~ e d  Soil PM S PP 
1-~1 29-6-72 3- 4- 5 
1-D2 7-7-72 11-12-13 
1 -  21-7-72 25-26-27 
1-D4 5-8-72 7-8-10 
2 29-6-72 3-4-5 
7 1-7-72 5-7-72 
8 29-6-72 j to 8 
Black Soil 
1-Dl 24-6-72 28-29-30 
1-D2 10-7-72 14-15-16 
1-D3 21-7-72 25-26-27 
1-D4 30-7-72 3- 4- 4 
2 24-6-72 28-29-30 
Thinning Cultivation Insect shoot Harvest Date 
spray fly 
counts 
m 3 PP 
20-7-72 11/7 8/8 - 14-8 16/9 4/10 27/10 
24-7-72 1 1  - 14-8 16/9 4/10 21/11 
8-8 8/8 - 14-8 4/lc 18/10 21/11 
24-7 8/8 - - 28/10 
6/8 2 Ilandwecd - 3s~ 29& 
2 Push 6923- 
"Rainfall data & dates of supplemental irrigation are given in section on 
- 25 - 
à able 5 Dates of Plant*, ~ u l t u r a l  operations and measurements f o r  Rabi 72-73 
p i a l  No. P l a n t i q  
&&g 
~ e d  So i l  
9 30-8 
10 30-8 
11 Sorg. 14-10 
11 P.M. II 
11Sunf .  'I 
1 1 S a f f .  If  
12 15-10 
13 Sorg. 14-10 
13  P.M. 11 
14 13-10 
15 15-10 
16 14-10 
17 14-10 
18 14-10 
Black So i l  
9 28-8 
10 I t  
11 Sorg. 15-10 
11 P.M. 11 
1 1 s u n f .  " 
11 Saff .  " 
12 15-10 
1 3  Sorg. 
13  P.M. lt 
14 15-10 
15 15-10 
16 16-10 
17 16-10 
18 16-10 
mergence Insect  Date of Harvest 
Spray first Date 
flower 
-
' ~ a i n f a l l  da ta  and dates  of supplemental i r r i g a t i o n  are given i n  sect ions on 
Itweather oonditiomrf, 
Table 6 Ef fec t  of 4 plant ing dates  upon g r a in  y ie ld ,  green and a i r  dry 
s t a l k  y i e ld s  and days t o  75% heading of 4 sorghum cu l t i va r s  on 
red & black s o i l s   rial 1 - 1972 kharif - a l l  y i e ld s  i n  q/ha) 
Treatments* 
Bed Soi l  
Dates of Plant ing (M,P.) 
1. June 29 
2. July 7 
3. Ju ly  21 
4. A'%. 3 
F Value 
LSD (05) 
a. CSH-1 
b. 302 
e.  604 
d. 2219AXCS354 
F Value 
IJSD (05) 
Black So i l  
Dates of Plant ing (M.P.) 
1. June 24 
2. July 10  
3 .  Ju ly  21 
4. Ju ly  30 
F Value 
LSD (05) 
a. CSH-1 
b. 302 
c.  604 
d* 2219AXCS354 
F Value 
LSD (05) 
Grain 
yield 
38.5 
31.2 
29.5 
10.6 
6,2* 
15.3 
27.6 
24.5 
21.6 
36.1 
2 * 9  
N.S. 
S t a lk s  
r e  a i r  dry 
Days t o  WO heading Shoot f l y  6 dammed 
4th date onlx 
82 
8 3 
74 
80 
4th date onlx 
84 
91 
80 
88 
y. F e r t i l i z a t i o n  uniform and adequate. 
Table 7 The e f f ec t  of f e r t i l i z a t i o n  upon the average g ra in  y ie lds ,  
green and a i r  dry s t a l k  y i e ld s ,  seedling weight and days 
t o  75% heading of two sorghum hybrids on Red & Black s o i l s  
 rial 2 - 1972 Kharjf - a l l  y ie lds  i n  q/ha) 
pea tments*  
Red Soi l  
Grain Sta lks  Da s t o  eedl i  8 
Yield Green a i r  d q  &ding & r y i o l ~  im 
8.160 - 26 - 50 
F Value 
L.S.D.(05) 
a. CSB-1 
b. CSII-J 
F Value 
LSD (05) 
Black Soi l  
1. 0 - 2 6 -  0 
2. 40 - 26 - 0 
3. 80 - 26 - 0 
4.120 - 26 - 0 
5.160 - 26 - 0 
6.160 - O - Q 
7.160 - 52 - 0 
8.160 - 26 - 50 
F Value 
LSD (05) 
a. CSH-1 
b. CSH-3 
F Vdue 
L.S.D. (05) 
6.4 21.57 
27.0 79.0 
18.8 98.5 
18.2* 5.4 
6.2 N.S. 
-- -- -- 
% e r t i l i z e r  treatment main P lo t s  & Hybrid-split p lo t s  160-26-50 r e f e r s  t o  t o t a l  
amount of N,P & K applied i n  Kgs/ha. To convert P t o  P 05 multiply by 2.3. TO 
convert K t o  K20 multiply by 1.2. dl p & K and 24 kgsfha of N was applied a t  
Planting in a band 5 cms t o  one side.  The balance of the nitrogen was bopdressed. 
Since the i n t e r ac t ion  was not s ign i f i can t ,  only main p lo t  & s p l i t  means a r e  given. 
Table 8 The e f f ec t  of f e r t i l i z a t i o n  upon g ra in  & s t a lk  y ie ld  of CSH-3 
sorghum on red and black s o i l s .   rial 11 - 1972 - 73 rabi  - 
a l l  y ie lds  i n  q/ha) 
Days t o  
7576 
~ e r t i l i z a t i o n *  Grain y ie ld  Stalk8 (green wt. Stalks ( a i r  dry) Heyding 
2 2 & Red Black Means Red Rlack Means 3ed Black Means Means 
1. 0 30 
2, 40 30 
3. 80 30 
4. 120 30 
5. 120 0 
6. 120 30 
F Value 
LSD (05) 
"Refers t o  t o t a l  amount of N ,  p ,  & K applied. 27 &/ha of N and a11 P was 
applied i n  a band a t  planting a s  150 @/ha of 18-46-0. The K and the balance 
of the N was topdressed about 20 days a f t e r  planti%. ( t o  convert P t o  P205 
multiply by 2.29; K t o  K20 multiply by 1.2). 
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Table 9 The e f f e c t  of f e r t i l i z a t i o n  and carbofuran upon the  g r a in  y ie ld ,  
green & dry  s t a l k s  y i e ld ,  seedl ing weight, shootf ly damage and 
days t o  754'0 heading of CSHl & CSRj on Red & Black s o i l s  (Tr ia l  
3 kharif  1972 - a l l  y ie lds  i n  q/ha) 
3reatment8, $.rain S t aMs  
F e r t i l i z e r  at P lan t ing  y i e ld  ~ i r  Dm 
Bed S o i l  
W d i w  
1. 0 0 8.3 e 28.5 82 
2. 24 0 Banded 7.7 50 ,3  26.2 80 
3. 0 26 16.2 77,5 38.7 66 
4. 24 26 26.8 9 3 1  46.5 64 
5 .  24 26 Bfdcas t  20.0 85 ,9  41.2 6 7 
6. 24 26 with seed 20.2 70,7 32.5 
7. 12 13  
6 5 
23.0 71 ,6  35.8 66 
F Value 17.1** 15.5" 
LSD (05) 5.3 11.8 
CSH-1 20.1 48.6 24.3 64 
CSH-3 15.7 95.8 46.9 76 
F Value 8. OH 422** 
LSD (05) 4.83 7.3 
0 Carbofuran 18.0 67.6 33.8 70 
40 &/ha 17.9 76.8 38.4 71 
F Value -01 16.1Y* 
LSD (05 N.S. 7.3 
Black S o i l  
1. 0 0 
2. 24 0 Banded 
3. 0 26 l r  
4. 24 26 
5. 24 26 Btdcast 
6. 24 26 with seed 
7. 12 - 13  I' " 
F Value 
LSD (05) 
CSH-1 
CSH-3 
F Value 
LSD (05) 
0 ~ a r b o f u r a n  
40 k / h a  
F Value 
LSD 
39 1 
35 1 
1.92 
N.S. 
36.93 
35.09 
0.5 
N.S, 
36.0 
36.0 
0 
N.S. 
90 50.4 
97-1 54.4 
100.8 59.5 
123.3 69.1 
11767 73.0 
117.7 70.6 
108.7 63.1 
2.62 
N.S. 
75.95 46.32 
140.51 77.28 
72 7- 
24.1 
100.7 59.4 
115.8 66.C 
4.0 
N,S. 
S e e d l i w  Inn) 
e Green Oven dry 
*24 - 26 r e f e r s  t o  N + p applied st plant ing 'as 131 &/he of 18-46-0 
a l l  p lo t s  were topdressed su f f i c i en t  N t o  bring t o t a l  N applicat ion 
t o  120 N. Carbofuran was applied with seed where indicated.  
,ble 10 The effect of fertilization and aarbofuran upon the grain yield, 
' green and dry fodder yield,seedling weight, shoot fly damage and 
days to 7% heading of CSH-1 and CSH-3 on Red and Black soils 
 rial 9 Rabi 1972 - all yields in q/ha) 
Treatments Grain Fodder Days to - oot F1 
Fertilizer at Planting* yiela 75% $ d&ed P A t s  =) 
Red Soil heading 14/9 21/9 29/9 z. &y 
2 P 
1.0 - 0 15.0 59.9 30.6 69 15 20 21 35 5 
2. 24 - 0 Banded 11.8 56.7 0.1 70 10 22 23 41 6 
3.0 - 26 It 23.0 74.2 39.3 64 21 21 35 71 24 
4.24- 26 26.2 79.5 42.1 53 26 38 43 285 30 
5 .  24 - 26 B1dcast 21.0 64.1 34.0 64 21 31 2 197 22 
6. 24 - 26 with seed 23.0 57.2 30.3 56 14 25 29 133 20 
F Value 
LSD (95) 
CSH-1 
CSH-3 
F Value 
LSD (05) 
0 Carbofuran 
40 &/ha 
-- F Value 
24.7 68.3 36.2 62 18 19 40 247 26 
14.65* 6.39** 
3.9 10.3 
20.2 62.8 64 17 25 32 135 16 
21.2 68.5 62 20 23 32 186 26 
0.40 2.0 
N.S. N.S. 
18.0 57.0 64 37 31 32 101 17 
23.3 73.2 62 0 . 7 1  1 2 3 0  25 
11.2** 18.8** 
LSD (05) 5.1 12.7 0 arbofuran on1 Carbofuran 
Black Soil .* Plots only 
1.0 - 0 20.6 70.0 35.7 69 45 53 90 256 30 
2. 24 - 0 Banded 21.7 73.6 39.0 68 49 60 92 264 29 
4. 24 - 26 'I 23.3 77.9 41.3 66 38 46 86 369 41 
5. 24 - 26 Bldtast 21.6 78.7 41.7 70 38 52 70 229 27 
6. 24 - 26 with seed 22.8 69.5 37.0 67 37 56 85 286 31 
7. 12 - 3.3 " 22.0 83.6 44.3 65 26 46 84 340 36 
F Value 1.2 1.0 
LSD (05) N.S. N.S. 
0 Carbofuran 12.9 44.2 73 39 53 85 
40 %/ha 29.7 104.5 62 0 3 11 
F Value 17.2+X 74.74 
LSD 10.8 22.2 
* 24 - 26 refers to N + P applied at p m n g  TSl1&/r;a%f 18-46-0 
All plots were topdressed with sufficient N to bring total N application 
to 120 N. Carbofuran was applied with seed. 
Table 11 The comparative grain yield, stalk yield and days to 
75s heading of 8 shoot fly tolerant cultivars & 4 
standard cultivars of sorghum on red & black soils. 
 rial 4 - 1972 kharif Planting date = July 15 - all yields q/ha) 
Days to 
.- 
Stalks Shoot fly 
varieties* Grain Green air dry 3% heading count % 
Red Soil 
12. PJBK(LOWI~) 20.1 109 9 65.9 6 7 
F Value 65.5** 15. 78*+ - - 
LsII(05) 4.1 37.1 - - - 
-. - 
Black soil 
1. I.S. 1053 28.6 160.0 96 .O 64 10.0 
lo. 11 3 29.2 115.9 69.5 68 
11. 11 4 44.2 89.2 53.5 58 
12. pJB~(~oca1) 38.9 136.2 81.7 63 
F value 5.6"* 7.4"* - - 
LSD(O5) 1.0 4.6 - - - 
Seeds furnished by Dr. NGP Rao,Coordinator, AISIP, Rajeng~anagar. 
Tsbli  1 2  The comparative g r a i n  y ie lds ,  s t a l k  yields,70 of plant  with 
shoot f l y  damege and day t o  7% heading of 8 shoot f l y  to lerant  
cu l t i va r s  4 standard cu l t i va r s  of sorghum on red & black s o i l .  
( ~ r i ~ l  10 - 1972 r ab i  planting da te  = ~ug. 28-30 - a l l  y ie ld  i n  d h a )  
Grain Qtalks Days t o  Shoot f l y  count 
~ a r i e  t ies*  Yield Green a i r  dry 75% heading 14-9-72 21-9-72 28-9-72 
1. 1,s. 1053 16.9 82.3 48.56 70 9 23 27 
2. 11 1G82 13.1 81.6 49.78 72 8 19 2 3 
3 .  11 2123 6.9 87.6 52.56 79 5 18 23 
p a c k  s o i l  21-9-72 27-9-72 4-10-72 
1. I.S. 1053 10.0 99.6 58.76 72 26 31 56 
2. 1082 12.3 114.9 70.09 7 3 2 7 4 3 5 5 
12 .PJBx(~ocal)  10.2 66.6 37.30 74 38 5 9 87 
F Value 3.2** -9.12"" 
LSD (05) 7.3 *37.3 
* Seeds furnished by D r .  N.G.P.Rao, Coordinator AICSIP, Rajendranagar. 
Table 13 Comparison of 5 Varieties of Sorghum in a Grain & stalks plus 
Ratooned green fodder system Vs a green Fodder plus ratooned 
green fodder harvest system on red and black soils. (Trial 8 
1972 kherif - all yields in q/h) 
varieties* 
Jed Soil 
1. CSH-1 
2. 'I 3 
3. " 4 
4. Svarna 
5. PJBK (Local) 
F Value 
LSD (05) 
Grain harvest system 
Grain Stalks 
Green air dry 
36.7 159.5 86.1 
15.8 244.4 176.0 
28.2 140.8 98.6 
20.4 134.9 80.9 
1 184.0 92.0 
37. o*" 15.5** - 
4.1 34.6 - 
Fodder plus Rot00n Fodder system 
Fodder Batoon Fodder 
air dry Green air d q  
Black soil 
1. CSB-1 40.6 1 70.7 214.9 118.2 2 6.6 
2. 'I 3 37.5 151.0 107.2 295.2 197.8 15.2 10.6 
3.  Swarna 339 133.9 92.4 203.6 142,5 15.0 9.0 
4. PJ8K (~ocal) 37.7 128.9 65.3 242.5 131.0 20.4 10.61 
F Value 0.82 1742" - 4.19" - 1.01 - 
LSD (05) N.S. 7.8 - 65 .O - N.S. - 
Fertilization adequate and uniform. 
Table l4 Yield comparisons of 5 sorghum cultivars on red & black Soils 
 r rial 13 rabi 1972-73 - all yields in q/ha) 
Grain yield Days Stalks  reen en wt . ) Stalks (air dry w t ,; 
Red Black Means to 75s Red Black Means Red Black Mw..: 
Varieties Soil S o i l  R & B heading Soil Soil R & B Soil $ioi 
Means 
R&B 
3. " 4 27.8 40.9 33.9 59 66.4 127.4 96.9 34.50 68.8 333.3  
4 .  Swarna 18.2 27.4 22.6 65 70.5 132.6 101.6 35.3 65.0 52.1 
5. PJ8~(~ocal) 13.1 30.2 21.6 64 70.5 134.1 102.3 40.9 80.5 60.7 
F Value 45.0 3.23 0.46 8.95* 
L.sD(~~) 3 N.S. 21.6 
Experiments involving dates  of planting, f e r t i l i z a t i o n  and variety rompari- 
sons were made on pearl  mi l l e t  during the kharif and rabi  seasons. The r e s u l t s  
of these experiments a r e  reported i n  tables  15 - 20. 
Date of P l a n t i w  x Variety - Tr ia l  1 
The effectfaof planting date upon g ra in  y ie ld ,  s t a l k  yie ld  and days t o  
75% heading of 4 pearl  mi l l e t  cu l t iva r s  ;-' .v given i n  table  15. The f i r s t  
p lant ing way made a t  the onset or' the mo:l.';oon 2nd t,hc riext three plantineg 
were made a t  approximately 10 days in te rva l s .  I n  the red s o i l ,  dates 1 and 2 
were s ign i f i can t ly  higher than date 4. Datc 3 was intermediate but not sig- 
n i f i c a n t l y  d i f fc rcn t  from e i t h e r  the e a r l i e r  o r  l a t e r  dates.  The average grain  
y ie lds  f o r  dates 1, 2, 3 and 4 were 31.9, 33.0, 29.2 & 26.2 q/ha, respectively 
( t ab le  15). The number of days from plant i% t o  75% heading f o r  dates 1, 2, 3 
and 4 were 56, 52,  46 ~ n d  38 respectively.  These r e s u l t s  indicate much 
e a r l i e r  heading i n  the l a t e r  plkntings and a high degree of photoperiod 
sens i t iv i ty .  
I n  the black s o i l s  the yie ld  trends were s imilar  t o  the red s o i l  with the 
exception of the low gra in  yie ld  i n  date 1. This i s  believed t o  be due to  the 
extremely heavy bird damage since t h i s  t r i a l  provided the f i r s t  available bird 
food i n  the area, Due t o  the high degree of v a r i a b i l i t y  there was, however, 
no s ign i f i can t  difference i n  g ra in  yie ld  between the 4 planting dates.  
The g ra in  yie ld  and heading dates  of the 4 pearl  mi l l e t  cu l t iva r s  were 
not s ign i f i aan t ly  d i f fe ren t  on e i t h e r  the black o r  the red s o i l  ( table  15). 
The s t a l k  y ie lds  of HB-5 and K559 were s ign i f i can t ly  higher than tha t  of 
fIB 1 & 3. 
On the red s o i l ,  there  was a heavy in fes ta t ion  of large b l i s t e r  beetles 
which "forage1t on the pollen. The average number of beet les  per 5 m of row 
f o r  HB-1, HB-3, HB-5 & K-559 was 32, 24, 35, & 37, respectively. 
Fertilization 
Trial 2 - marif 
There was a marked seedling response to phosphorus applications which 
carried through to significant grain yield increases on both soils (table 16). 
In the red soil there was also a marked response to nitrogen application up to 
the 40 kg/ha nitrogen rate. On the black soil, trends were similar but the 
magnitude of the response was much less. . 
The stalk yield response to phosphorus was less than thptt of the grain, 
However, the yield response to nitrogen was greater in the stalk than in the 
grain (table 16). 
The grain yield level of pearl millet in the black soil wes only slightly 
higher than that of the red soil in both trials 1 & 2. This is in contrast 
to the comparative sorghum experiments where the yiald level i n  the red soil 
was only about 6596 of that of the black soil. The reason for this difference 
is not known, but one possible explanation is the fact that because of the 
earlier maturity the pearl millet did not suffer as much from the late season 
moisture stress of the red soil as did the sorghum. 
Trial 11 - rabi 
As in the case of sorghum, the major differenee between trial 11 and 
trial 2 is the magnitude of the response to phosphorus applioation in the red 
soil area (table 16 & 17). This is reflected visually in piotures, and in 
the seedling weights and final yields. In the red soil, the seedlhg oven-dry 
weights taken at 8 weeks for the -N, -P & NP treatments are 84, 20 & 111 gms, 
respectively. Thus in the red soil, phosphorus application increased seedling 
growth over five-fold in trial 11 and less than two-fold in trial 2. Likewise, 
in harvested yield, phosphorus increased first crop fodder yield more than 
four-fold in trial 11 while the yield increase due to phosphonrs was only 
3% in trial 2. Since the sites of trial '11 and trial 2 are only about 
80 meters apart this amount of difference would not be expected. Thus the 
reasone for this m t u d e  of differential response to phosphow deserve 
further study. 
& 
Since the  seed s e t  of r a b i  planted pea r l  mi l l e t  i s  normally not  good due 
t u  0001 weather) t h i s  experiment was harvested f o r  fodder a t  flowering stage. 
The f i r s t  fodder harves t  was a t  57 days a f t e r  p lant ing ,  the  f i r s t  ratoon 
harves t  was 86 days a f t e r  p lant ing  and the  seccnd ratoon harves t  on February 14,  
1 2 1  days Bf t e r  planting.  
The amount of fodder y i e ld  and the  magnitude of the response t o  p & N 
was g r e a t e s t  i n  f i r s t  crop nnd f a i r l y  good i n  t h e  f i r s t  ratoon. By the  time 
of the  2nd ratoon crop s o i l  moisture was the  overr id ing  l i m i t i n g  f a r t o r .  Since 
the re  had been only 2.2 em of r a i n  s ince  p lant ing  and the l a s t  minimal i r r i g a -  
t i o n  occurred on December 12  i n  black s o i l  and December 31 on red s o i l ,  s o i l  
moisture was the  overr id ing  l i m i t i n g  f a c t o r  during the growth of the second 
ratoon erop. I n  the  red s o i l  the  average t o t a l  f r e s h  fodder y i e ld  of the  
adequately f e r t i l i z e d  treatments (NO. 2 ,  j, 4 & 6 )  was about 220 q/ha o r  
(80  q/ha a i r  dry) .  The y i e l d s  i n  black s o i l  were oniy s l i g h t l y  l e s s  than those 
of the  red s o i l .  Fur ther  s tud ie s  a r e  needed t o  assess  the  n u t r i t i o n a l  and 
economic value of t h i s  h igh  q u a l i t y  fodder compared t o  the  low q u a l i t y  l e a f l e s s  
s t a l k s  which a r e  normally marketed i n  t h i s  area.  
Variety Fxperiments 
T r i a l  8 - Kharif 
I n  the  red s o i l ,  5 pea r l  m i l l e t  c u l t i v a r s  were compared under th ree  
systems of harves t  ( t a b l e  18).  It i s  i n t e r e s t i n g  t o  note thnt  when the f i r s t  
harves t  was made f o r  green fodder a t  tho f lowering s tage  most of t he  v a r i e t i e s  
produeed good ratoon y i e l d s  e i t h e r  f o r  fodder o r  grain. However, when the  
harves t  was delayed u n t i l  the  matured g r a i n  s t age  the  r ~ t o o n e d  growth was 
g r e a t l y  reduced. Xybrid HB-4 gave h ighes t  y i e ld  both when harvested f o r  green 
fodder a t  f lowering s tage  o r  f o r  g r a i n  a t  maturity. The g ra in  y i e ld  of the 
Vijey ( loca l  was cons i s t en t ly  below thn t  of t he  4 hybrids i n  both the  f i r s t  
r rop  and the  ratoon rrop. I n  HB-4 a f t e r  a l a r g e  harves t  of high qua l i t y  green 
fodder 233 q/ha the  rntooned crop produced from 1 3  q/ha of g r a i n  which was only 
s l i g h t l y  l e s s  than  the y i e ld  produced from the  g r a i n  crop a t  f i r s t  harvest  
( t a b l e  18 ) .  The p o s s i b i l i t y  of ratooning pea r l  m i l l e t  f o r  mul t ip le  harvest  
looks encouraging and f u r t h e r  s tud ie s  a r e  planned on the r a toonab i l i t y  of 
var ious  pea r l  m i l l e t  v a r i e t i e s .  
The y i e l d s  of 4 pea r l  m i l l e t  r u l t i v a r s  under two systems of harves t  
on t h e  black s o i l  axe given i n  t a b l e  19. when the  f i r s t  h a m e s t  was made 
f o r  g ra in ,  HB-5 produced the  h ighes t  y i e l d  (31.3 q/ha). HB-5 a l s o  produced 
the  h ighes t  y i e ld  of s t a l k s  and green fodder. This i s  i n  cont ras t  t o  the 
, 
red s o i l  where HB-4 produeed the h ighes t  y i e lds .  
T r i a l  1 3  - Rabi 
Because of cool weether a t  floweririg time the wed s e t  of pear l  m i l l e t  
i s  gene ra l ly  poorer during r a b i  than d u r i r g  ' b a r i f .  In s p i t e  of t h i s ,  good 
g r a i n  y i e l d s  (21 - 24 q/ha) were cbtaincd,  e spec ia l ly  on tha black s o i l  
( t a b l e  20). One of the reasons f o r  conducting t h i s  experiment was to  observe 
comparative seed s e t  under the  cool r a b i  condit ions.  Seed s e t  scoring ind ica t e  
t h a t  Vijny was the bes t .  There was r e l n i i v e l y  l i t t l e  d i f f e rence  between the  
4  hybrid,  although HB-1, 3 & 5 tendod t o  hnvc s l i g h t l y  poorer seed s e t ,  
especial  l y  on the red s o i l .  
The b ig  d i f f e r e n c ~  between the two seasons was i n  the  y i e ld  of Vijay 
( l o c a l ) .  During the  khar i f  ( t a b l e s  18 & 1 9 )  the k.ybrids y ie lded two t o  th ree  
times t h a t  of Vijay, while i n  thi. r a b i  ( t nb le  2 0 )  the y i e ld  of Vijay was 
equal t o  t h a t  of the  hybrids.  
Table '  15 The e f feo t  of 4 plan t ing  da tes  upon g r a i n  y i e l d ,  g reen  and 
~ i r  dry s t n i k  y i e l d  and days t o  75';; hklsiing of .,I Pear l  mi l l e t  
c u l t i v a r s  on red & black s o i l s   r rial 1 - 1972 k h a r i f ) .  
Treatbent s 
~ e d  S o i l  
~ a t e s  of p lan t ing  (M.P.) 
1. June 27 
2 .  Ju ly  7 ' 
3. J u l y  21 
4. AW 3 
F Value 
LSD (05) 
a. 33-1 
b. IIB-3 
c. 33-5 
d. K-559 
F Velut: 
I.,SD (05) 
Block s o i l  
Dates of Plant ing (M.P.) 
1. June 24 
2. J u l y  10 
3. Ju ly  21 
4. J ~ Y  30 
F Value 
LSD (05) 
a. HB-1 
b. Ha-3 
0 .  HB-5 
d *  K-559 
F value 
LSD 05 
yield 
31 9 
33.0 
29.2 
26.2 
4.47* 
4.6 
28.6 
32.0 
31 3 
28.3 
0.84 
N.S. 
16.7 
29.0 
31.6 
27.1 
3.09 
N.S. 
25.5 
25.0 
27.4 
27.4 
0.30 
N . S .  
Stulk y1E.td 
Green a i r  dry 
Days t o  
35% Heading 
Table 16 The e f f e c t  of f e r t i l i z a t i o n  upon tho averng;e g r a i n  y i e l d ,  
green s t a l k  weight,  d ry  s t a l k  weight and days t o  75% 
heading of P e a r l  m i l l e t  hybrid HBJ on Red cmd Black s o i l s  
( T r i a l  2 - 1972 khar i f  - all y i e l d s  i n  q/ha) 
Treatments* Grain S t a l k s  pays t o  Seedling Wt. ( m s l  
~ e d  S o i l  y i e l d  Green a i r  d r y  75 $ h h c d i n K  Green oven d r y  
Black S o i l  a r e a  
1. 0 - 2 6 -  0 
2. 40 - 26 - 0 
3. 80 - 26 - 0 
4.120-26- 0 
5.160 - 26 - 0 
6.160 - 0 -  0 
7.160 - 52 - 0 
8.160 - 26 - 50 
F Value 
LSD 
'E'ertilizer t r ~ n t n t n t  main p l o t s  & Hybrid - s p l l t  p l o t s .  160 - 26 - 50 r e f e r s  t o  
t o t a l  mount of IT, p & K ~ p p l i o d  l n  kgs/:2.11. .4 IY qtld t l x  P & K was app l l ed  i n  
a band 5 cms t o  one side> of see? a t  F ld l~~i .&: .  L1l.e l ~ a l a n c e  of N was topdressed. 
(TO convert P t o  P205 mu1 t l p l y  bji ; ,L9 ail11 ;: t o  ~ 2 0  mul t lp ly  by 1.2) 
 able 17 The effec t  of f e r t i l i z a t i o n  upon gra in  yield of HB-3 Pearl 
Mil le t  on red an? black s o i l s ,   r rial 11 - 1972-73 Rabi - 
a l l  y ie lds  i n  q/ha). 
Red Soi l  
p e r t i l i z a t i o n  
N P  Y 
1 . 0  30 0 
2 . 4 0  30 0 
3 . 8 0  30 0 
4.120 30 0 
5.120 0 0 
6.120 30 50 
F Value 
LSD (65) 
Black Soi l  
- 
l i z  li 
1 . 0  30 0 
2 . 4 0  30 0 
3 - 8 0  30 0 
4.120 30 0 
5.120 0 0 
6.120 30 50 
F Value 
LSD (05) 
Green Fodder Yield D r y  Fodder Yield 
1 s t  2nd 3rd Total Means 1st 2nd 3rd Total Means 
of of' 
t o t a l s  tot :1s 
of Red of ~ c d  
& Black & Black 
79.5 49.3 20.8 149.6 35.0 12.8 5.2 53.0 
113.1 84.7 18.5 216.3 49.8 23.7 4.8 78.3 
"Refers t o  t o t a l  amount of l!,P & iC ap>lic?@, Z7 @/ha of N and a l l  was applied i n  
band a t  planting as 159 kg/ha of 1C-46-0 :he K and trie brlznce of the N whs top- 
dressed about 20 days a f te r  planting ( t o  cc,lvert TO p705 multiply by 2.29 and 
K t o  DO multiply by 1.2) 
Table 10 comparison of 5 v a r i e t i e s  of Pear l  m i l l e t  I n  1 narvost sy s t t u  
on red s o i l s .  (T r i a l  8 - 1972 Kharif - a l l  y i e ld s  in  q/ha) 
yarieties* Fodder Eatooncd ~ o d d c r  hntoon 
Ctroen a i r  d ry  Green a i r  dry LT& 
Green Fodder plus r a t o o n ~ d  !?reen fodder Evstem 
1 . B - 1  157.5 66.2 38.3 14.6 - 
2 . m - 3  148.3 56.3 56.7 24.3 - 
3, HB - 4 231.3 gU.0 80.0 28.6 - 
4.  - 5 196.7 74.7 56.7 24*9 - 
5. Local ( ~ i j a y )  200.0 08.0 60.0 24.0 - 
F value 0.5"" - 7.2"" - 
L.S.D. (05) 25 $6 - 16.8 - 
preen Fodder plus ratooncd Grain & s t a l k s  
Grain Sc s t a l k s  p lus  Ratoonsd a reen  Fodder 
Grain S t a lk s  
-- -
Ratcon fodder  
Green a i r  d r y  Green a i r  d ry  
1. HB - 1 11.3 96.7 29.0 6.3 3.2 
2.  ID - 3 18.1 110.3 j0.7 11.5 5 - 3  
3.m-4 22.8 159.2 47.6 9.6 ft.4 
4. HB - 5 17.2 132.5 37.1 9.5 4.0 
5. Local ( ~ i j ~ y )  6.0 148.3 53.4 12.7 5.0 
F value 9.69"" 5.9** .- j,ss* - 
LSD (05) 6.1 j0.U - 4.0 - 
10.8 5.4 
10.8 5.0 
16.7 7.7 
13.3 5.6 
13.3 6.1 
2.0 - 
N.S. - 
- 4 3 -  
Table 19  Comparison of 4 v a r i e t i e s  of Pearl  m i l l e t  i n  a Grain and 
s t a l k s  plus Ratooned green fodder system Vs a green Fodder 
plus ratooned green fodder harvest  system on black s o i l s ,  
 r rial 8 - 1972 kharif  - a l l  y ie lds  i n  q/ha) 
y a r i e t i e s  Grailn & s t a l k  plus Ratoon Fodder Sy. Fodder plus Ratoon Fodder system 
Sta lks  Ratooned Fodder Fodder Ratooned Fodder 
Grain Rreen a i r  dry green a i r  dry ~reer,  a i r  d ry  green a i r  dry 
4. Vijay 14.8 180.5 61.4 50.8 211.4 208.6 83.5 38.3 16.9 
( l o c a l )  
F Value 4.41 11.41 - 1.29 2.61 1.24 
LSD (05)10.66 17.18 - N.S. N.S. N.S. 
Table 20 Yield comparison of 6 pearl  m i l l e t  cu l t i va r s  on red and black 
s o i l s .  T r i a l  13 ,  1972 - 73 rabi .  ( ~ e a n s  of' 4 rep l ica t ions  - 
a l l  values given i n  q/ha). 
Grain y ia ld  Days t075d s t a l k s  - Green w t .  S ta lks  - a i r  dry 
Variet ies* Red Black Means Heading Red Black Means Red Black Means 
So i l  So i l  R & B R & B Soil 
-- Soil R & B So i l  Soil R&B 
4. l ' 5  10.8 23.7 
5. K 559 12.0 19.9 
6 ,  Vijay 14.6 20.5 
( l o c a l )  
F Value 3-14" 0.44 
LSD (05) 3.5 N.S. 
* Uniform and adequate f e r t i l i z a t i o n  provided. 
PIGEON PEAS 
During the kharif season experiments involving dates  of planting, f e r t i -  
l iza t ion, inoculat ion and var ie ty  comparisons were conducted on pigeon peas. 
The resu l t s  of these experiments a re  given i n  tables  21 - 23. 
Although the vegetative growth was good, the general gra in  yield levels  
of pigeon peas were low throughout a l l  the expennents. The reason f o r  t h i s  
i s  not f u l l y  understood, but i t  i s  believeil t o  be due mainly to  the very heavy 
in fes ta t ion  of the large (2.5  em) red an3 black b l i s t e r  beetles. These beetles 
forage only on flower buds and have a voracious appetite.  Attempts a t  control 
by application of ir isecticideswereonly s l igh t ly  effective.  The attack came 
i n  two per iodand since the damage was qui te  general i t  i s  d i f f i c u l t  t o  assess 
the degree of damage. We hope to  f ind be t t e r  methods of dealing with t h i s  
beet le  before the next season. 
pates  of planting X Variet ies  - Tr ia l  1 
I n  the red s o i l  there was a s ignif icant  reduction i n  yield with the l a t e r  
plantings ( table  21). The trend was s imilar  i n  the black s o i l  but not signi- 
f i can t .  The average yie ld  f o r  the two s o i l s  a t  f i r s t  planting was 11.1 q/ha 
and there was a progressive yield reduction to  7.5 f o r  the 4th planting date. 
In  the var ie ty  comparisons there was no s ignif icant  difference i n  red so i l .  
I n  the black s o i l  S-j was s ignif icant ly  b e t t e r  than Pusa Ageti ( table  21). 
F e r t i l i z a t i o n  - Tr ia l  2 
There was no appreciable visual response to  any f e r t i l i z e r  treatment during 
the growing season. Likewise there was no significant yield response to fe r -  
t i l i z a t i o n  on e i t h e r  the red o r  the black s o i l  ( t ab le  22). 
Since there were marked responses t o  both phosphorus and nitrogen i n  the 
adjacent pearl  mi l l e t  and sorghum experiments, it i s  obvious that  pigeon peas 
a re  much l e s s  responsive t o  f e r t i l i z a t i o n .  
Pigeon Pea Var ie ty  and Inocula t ion - T r i a l  2 
A comparison of 6 v a r i e t i e s  i s  given i n  t a b l e  2 3 .  Three v a r i e t i e s  from 
Braz i l  which were furnished by D r .  A Downie of USAID were extremely l a t e  and 
appeared t o  be of l i t t l e  value a s  euch i n  t h i s  area.  These p lan t s  were 
s t i l l  blooming a t  t he  end of March but a h a m e s t  was made of the  few pods 
which had formed. These seeds w i l l  bs kept f o r  thc  pigeon pea breeder t o  
use i n  cross ing work. 
The b ~ l a n c e  of experiments involved 3 v a r i e t i e s  - Pusa Ageti, Type 21 
and ST-1 l o c a l  with and without inoculum. During the  growing season the re  
was never any v i sua l  d i f f e rence  between the  inoculated and uninoculated 
plants .  Examinations of the  r o o t s  indica ted  t h a t  the  p lan t s  t o  which addi- 
t i o n a l  inoculum had been added s t i l l  had a l a r g e  number of nodules sca t t e red  
over the  roo t  system. Apparently these  were s u f f i c i e n t  t o  t ake  ca re  of the  
n i t rogen  needs of the  p lant .  Pusa Ageti tended t o  have s l i g h t l y  h igher  y i e l d  
than the  o the r  two ve , r ie t ies  but  the  d i f f e rences  were not s ign i f i can t .  
I n  a l a r g e  sca le  v a r i e t y  t r i a l ,  t he  y ie lds  of ST-1 ( l o c a l )  and T-21 
were 8.6 and 7.6 q/ha r e spec t ive ly  and the re  was no s i g n i f i c a n t  d i f ference  
between t h e  two v a r i e t i e s .  
It i s  obvious t h a t  much in t ens ive  research i s  needed t o  develop v a r i e t i e s  
and production techniques which w i l l  provide g r e a t e r  y i e ld  po ten t i a l .  
Table 21 The ef fec t  of 4 planting dates  upon grain  yie ld  of 4 Pigeon Pea 
Variet ies  on Red and Black so i l s . (Tr in l  1 - 1972 kharif - a l l  
yields in q/ha). 
Treatments" 
Dates of Planting (M.P.) 
1. June 29 
2. July 7 
3.  Ju ly  21 
4. Aug 3 
F Value 
LSD (05)  
Variet ies  ( s p l i t  ~ l o t s )  
a. Pusa Agcti 
b. Shardc 
c .  Mukta 
d. S-3 
F Value 
LSD (05) 
10.5 8.,? 9.4 
9.4 9. c 9.2 
9.2 9." 9 2 
9.5 10.7 9 9 
2 94 7.7- - 
N.S. 1.5 - 
F e r t i l i z a t i o n  uniform and adequxtc, 
Table 22 The ef fec t  of f e r t i l i z a t i o n  upon the average g ra in  y ie ld  weight 
and days t o  5@ heading of the  pigeon pea on ~ e d  and Black s o i l s  
(T r i a l  2 - 1972 Kharif - a l l  y ie lds  i n  q/ha) 
1. 0 26 0 
2. 24 26 0 
3 . 4 8  26 0 
4. 40 1 3  0 
5 . 4 0  39 0 
6 . 4 8  0 0 
7 . 4 8  52 0 
8. 48 26 50 
F Value 
EJl (05) 
Grain y ie lds  
& Means 
10.2 
11.1 
11.7 
10.0 
9.9 
11.3 
11.2 
8.9 
1.46 
N.S. 
Days t o  5% Flowering 
Black Means 
*48-26-50 r e f e r s  t o  t o t a l  amount of N,  P & K applied i n  &s/ha. A l l  P & K and 
24 kg/ha of the N. applied a t  planting. The balance of the N applied a s  top- 
dressing about one month a f t e r  planting. To convert P t o  P2O5 multiply by 2.3 
K t o  K20 mult iply by 1.2. 
Table 23 Pigeon pea va r i e ty  and inoculat ion experiment nn-red and black 
s o i l s .  (Tr ia l  5 kharif  1972 - a l l  y ie lds  i n  q/hn) 
Variety 
1. Brazil 465 + ~noculum* 
2. 466 + lr 
3 4 6 7 +  l 1  
4. Pusa Ageti + 
5 . T y p e 2 1  + 
6. ST-1 + 
7. Pusa Ageti No Inoculum 
8 .  Wpe 21 It 
9. ST-1 II 11 
F Value 
LSD (05)  
Grain y i e ld s  
fi Black 
N.S. N.S. - 
Y Inoculum furnished by D r .  A. B. Rewari, IAFU, New Delhi. 
V a e e t i e s  1, 2 & 3 omittad from analys is  of Variance because of heterogeneity of 
Vanance . 
INTERCROPPING EXPLiUMZUTS 
The main ob jec t ive  of t h i s  study wiis t o  determine whether o r  not g r e a t e r  
t o t a l  crop production and p r o f i t  could be produced by intercropping of two 
crops compared t o  s o l i d  cropping of each crop. This approach appears t o  be 
p a r t i c u l a r l y  important when deal ing  wit21 a p lant  l i k e  pigeon peas i n  which 
seed l ing  growth i s  very slow. E i i s  f i r s t  yetir study involved intarcropping 
of pigeon pees with a l e p e  (soybe:~ns) i n  t r i a l  6 rind with a f a s t  growing 
oerea l  (pea r l  m i l l e t )  i n  t r i a l  7. 
Modifications of Swastik seven row Plants: 
I n  order  t o  p lant  intereroppir* experiments with varying pat terns  of 
in torcropping such a s  a l t e r n a t e  row end a l t e r n a t e  double row plant ings ,  i t  was 
necessary t o  modify thc Swastik p lanter .  This modification involved the 
mounting of 2 seed boxes behind and abovc tho regular  seed box so t h a t  the 
seed tubes could be s h i f t i n g  i n  e i t h e r  d i r ec t ion  f o r  various row pat terns .  
By t h i s  modification soybeans o r  pear l  m i l l e t s  could be placed i n  the standard 
seed box and pigeon pea i n  the ex t r a  boxes, so tha t  each could be sown simul- 
taneously a t  proper r a t e s .  The f e r t i l i z e r  adjustment p l a t e  was a l s o  re-designed 
with narrow t r i angu la r  shaped s l o t s  i n  order  to  g ive  b e t t e r  accuracy a t  lower 
r a t e s  of app l i ca t ion  than i s  possible with the standard f e r t i l i z e r  p l a t e .  With 
these  modifications the Swastik d r i l l  worked s a t i s f a c t o r i l y  f o r  seeding the 
intercropping experiments. An addi t ional  modification i s  being made f o r  next 
season. It i n v ~ l v e a  the  removal of  t he  pack whael t oo l  bar and replacing i t  
with a hollow 21, square too l  bar f o r  p l a c i r g  furrow shovels. 
Soybeans - Pigeon Pea intercropping - T r i a l  6 
Grain y i e l d s  from three  methods of intercropping of Pigeon Peas and 
Soybeans compared wi th  s o l i d  p lant ings  of uach crop a re  given i n  t a b l e  24. 
There was no s i g n i f i c a n t  d i f ference  due t o  d i f f e r e n t  methods of intercroppin@; 
on e i t h e r  amp on the black o r  the rod s o i l ,  Observations during the growing 
season indica ted  t h a t  growth was s l i g h t l y  b e t t e r  i n  a l t e r n a t e  row plant ings  
( treatment 2 )  than i n  s o l i d  planting3 (treatment 1). The f i n a l  y i e lds  show 
s i m i l a r  t rends  but these  t rends  a r e  not  s t a t i s t i c a l l y  s ign i f i can t .  The y ie ld  
comparisons a r e  given both on a row b a s i s  and on an nrca bas is .  I n  the case  
of the f i r s t  three  treatments,  the a rea  bas i s  i s  calculated by merely dividing 
the  row-based value by 2,  s ince  each crop occupied hal f  of the space. I n  case 
of treatment 4 the  ca l cu la t ions  a r e  made on the basln of 25:75 r a t i o  f o r  
pigeon pea and soybeans, respect ive ly .  
The Bragg v a r i e t y  of soybeans which was used i n  t h i s  experiment has an 
indeterminate growth p a t t e r n  and s t a r t e d  flowering a t  31 days whdn the  vegeta- 
t i v e  growth was very small ,  p a r t i c u l a r l y  i n  the  case of t he  red s o i l .  It i s  
apparent  t h a t  the  soybeans were not  able  t o  c a p i t a l i s e  on thc  e x t r a  space 
e a r l y  i n  the  season, a s  was t r u e  i n  the case  of pearl  m i l l e t  i n  T r i a l  7. It 
i s  poss ib le  t h a t  with t h i s  small growth g r e a t e r  soybean y i e l d s  rould have been 
obtained by c l o s e r  row spacing of soybeans. 
Although i t  was not  poss ib le  t o  make d i r e c t  comparisons between soybeans 
and o the r  crops ,  v i sua l  observations indica ted  t h a t  soybeans were more sens i -  
t i v e  t o  drought than the  companion pigeon pea. Thc soybeans l ikewise appeared 
t o  be more s e n s i t i v e  t o  drought than the pear l  m i l l e t  i n  adjacent t r i a l  7. This 
was e s p e c i a l l y  no t i r cab le  i n  the  red s o i l  where thc s o i l  moisturc s t r e s s  was 
severe.  
This year  soybean s tubble  was removed and several  r ab i  r rops  planted i n  
i t s  plsce .  The removal of soybean stubble and p r o p u s t i o n  of a seed bed i n  
dry  s o i l  a t  the  end of the  kharif  senson was d i f f i c u l t .  Even more d i f f i c u l t  
was the  successful establishment of crops l i k e  chick pcas, surdlower, saf f lower  
and c a s t o r  benns i n  between fullgrown pi,:.c;ll p t ' ~  pln11t" On the  bas i s  of t h i s  
yeafisexperience,  t h i s  experiment w i l l  t , ~ ?  rL-d-cignod. t o  d e l e t e  any seeding of 
r a b i  crops i n  fullgrown pigeon peas. Ho.iuvil~:, tf 'e coficupt of in tercroppirg  
dur ing  kharif  season with a quick growir*. pl:mt cuch 2 3  soybeans, Cowpeas, mung 
beans and shor t  season v a r i e t i e s  of millcTs and sorghums warrants f u r t h e r  
i nves t iga t ion ,  
The main in sec t  problem encountered was the invasion of the ha i ry  cater-  
p i l l a r  i n  the red s o i l  s i t e .  The caterpillar hatched out  i n  the surrounding 
shrubs and weeds and invaded e m a s s  from July  1P t o  25th. The hai ry  c a t e r p i l l a r  
ilas a voracious appe t i t e  and w i l l  c a t  most crop3 rind weedst hol~ever i t  showed 
a s t r o q  preference f o r  soybean seedlings,  A trench covered with BHC powder 
helped g r e a t l y  i n  h a l t i n g  the invasion. This msthud was supplemented by a 
"b io logica l  cont ro l"  procedure - s i x  lodics  w i t i i  s t i cks .  
Pea r l  Mi l l e t  - Pigeon Pca Intercroppi~lg:  - Tr ia l  7 
The y i c ld  potentirrl of intercropping pearl  mi l l e t  with pigeon peas looks 
very promising. I n  a l t e r n a t e  row plant ings ,  the pearl  mi l l e t  was able t o  
c a p i t a l i z e  on the space l ~ f t  vacant during the ea r ly  period whilc? the pigeon 
peas were being es tabl i shed.  I n  the  red s o i l  tile pearl  mi l l e t  y i e lds  of 
e l t e n ~ t e  row plant ing  were about 5% higher thm, so l id  row plant ing ,  ( t ab le  25) 
I n  the black s o i l  the pear l  mi l l e t  y i ~ l d s  i n  a l t e r n a t e  rows were about 6% 
higher than i n  the so l id  p lant ings  ( t ab le  26). I n  s p i t e  of the g rea t ly  increased 
growth and y i e ld  of the pear l  mi l l e t  i n  the a l t e r r u ~ t e  rows, the pigeon pen 
y i e ld  i n  the  a l t e r n a t e  rows was only s l i g h t l y  reduced compared t o  so l id  planted 
pigeon peas. The comparative pigeon pea y i e lds  f o r  so l id  ( treatment 1) vs 
a l t e r n a t e  rows ( t x a t m e n t  2)were 9.9 Vs 0.1 q/ha on the row bas is  and 4.95 Vs 
4.05 q/ha on an area  b:.rsis. Likcwisc, the d i f f e r e n t  methods of pearl  m i l l e t  
harvest  had no s ign i f i cnn t  e f f e c t  upon tho y i d d  of the compnnion pigeon pea 
crop. 
I n  the  pear l  m i l l t t  the fallowir+; four  harvest  systems werc used on the  
red s o i l  ( t nb le s  25 & 26) .  
a. Fodder (52)" rztoonc,d g ~ : ~ n  (113) 
b. Fodder ( 5 2 )  rntooned ii;lddi I-. ( 7 1 )  r 7 t c o n ~ 4  g: .ln (129) 
c. Grain (72) r l toon d fc?ae2  ( 1 2 ~ )  
d. C r ~ i n  (72) r ~ t o o r l ~ d  g r l l n  (144). 
 he number i n  i)arenthcsiz indica tes  tile number .if days a f t e r  planting a t  
which each of the mult iple harvtists wu-ct n*:de. I n  the black s o i l  the "C" 
harves t  system was omitted, 
A l l  y i e lds  i n  t ab le s  25 and 26 a re  given on the row basis .  The followirg 
t a b l e  g ives  a comparison of pear l  m i l l e t  and pigeon pea y i e lds  of so l id  crop- 
ping V s  a l t e r n a t e  r o w  cropping on the Itarea" bas i s  f o r  the ttat* and tfbll systems 
of harves t  (y i e lds  given a re  an merage of red and black s o i l  t r i a l s  - A l l  
y i e lds  i n  q/ha), 
Treatments Harvest  odder Ratoon ,9ltoon Grain & Sta lk  Pigeon 
-
Systems Green Fodder ~raln Sta lks  Pea 
Green 
- Green Grain 
1, Solid cropping F-G 105.2 - 6 . 3  23.9 4.95 
2 .  Alternate  row F-G 169.2 - 12.3 34.1 4.05 
1. Solid cropping F,F,G 105.2 39.9 3.6 9.2 4.95 
2 .  Alterm.te row F,F,G 169.2 56.5 5 3 10.2 4.05 
F-G = Fodder-grain hsrves t  system; F-F-G = Fodder, Fodder, Grr.in Harvest system. 
The above da ta  show tha t  i n  e i t h e r  F-G o r  F-F-G harvest  the t o t a l  pear l  
m i l l e t  y i e lds  i n  the a l t e r n a t e  row mopping are over 5% above t h a t  of the 
so l id  cropping, 
Since the pigeon pea y i e ld  i n  the a l t e rnn te  row plant ing  was almost the 
same a s  so l id  planting,  the  t o t a l  production of t t l ~  two crops i n  the a l t e r n a t e  
row plant ing  was 5OOb above tha t  of the so l id  p l a n t i ~ g .  
When pea r l  m i l l e t  was harvested f o r  fodder a t  flowering s tage  the small 
t i l l e r s  quickly produced a ratoon arop. However, when the f i r s t  Crop was 
allowed t o  mature 8s gra in ,  many of the sm:ill t i l l e m d i e d  and regrowth of t he  
ratoon crop was delayed and the y ie ld  was meager. I n  a l t e rna te  row plant ing  
treatment,  the  ratooned g ra in  y i e ld  a f t e r  n fodder h~ . rves t  (Fodder - Grain 
system) was 24.6 q/ha while a f t e r  a g ra in  harves t  ( ~ m i n  - Grain system) the  
ratoon g r a i n  y i e ld  was 4.4 q/ha on the rlw b i ~ s i s  ( t ab le s  25 & 26). Even a f t e r  
two fodder harves ts  (Fodder - Fodder - Grain system) the average g ra in  y ie ld  
was 10.6 q/ha. This shows the  super ior i ty  of ratoon crop y ie ld  a f t e r  fodder 
harves t  o r  even a f t e r  mul t ip le  fodder harves ts  over t h a t  a f t e r  g ra in  harvest ,  
during the condit ions prevai l ing  i n  1972, The p o t e n t i a l i t i e s  of mult iple ratoon 
in$ appear t o  be g rea t  and w i l l  be studied fu r the r .  
Table 24 The effect of 3 methods of intercropping of pigeon peas and 
soybeans compared with solid planting of each crop on red 
and black soils.  rial 6 marif 1972 - all yields in q/ha) 
1. Solid planting of each crop 
2. Alternate rows of each crop 
3. Alternate double rows of each crop 
4. 1 row P. peas 3 rows of soybeans 
F Value 
LSD (05) 
Black soil 
1. Solid planting of each crop 
2. Alternate rows of each crop 
3.  Alternate double rows of each crop 
4. 1 row P. Pens 3 rows soybeans 
F Value 
LSD (05) 
Yield rov~ basis Yield row basis 
P.Peas Soybeans P.Peas Soybeans 
6-3 8.2 3.2 4.1 7 3 
7.6 9.8 3.8 4.9 5.7  
6.5 9.8 3 . 3  4.9 8.2 
7.6 7.9 1.9 5.9 7.8 
3.86 3.28 
N.S. N.S. 
10.1 17.1 5.1 8.6 13.7 
12.9 19.3 6.5 9.7 16.2 
13.5 10.1 6.8 9.1 15.9 
11.4 17.4 2.9 13.0 15.9 
0.005 0.761 
N.S. N.S. 
* Fertilization uniform and adequate, 
Table 25 The e f f ec t  of 3 methods of intercropping of Pigeon peas and Pear l  
Mi l l e t  compared with so l i d  plant ing of each crop a t  4 d i f f e r en t  
harves t  systems of the  pear l  m i l l e t  on Red s o i l .  (T r i a l  7 kharif 
1972 - a l l  y i e ld s  i n  q/ha). 
Treatments Fodder Ratoon Fodder Ratooned Ratooned s t a l k s  
sir 6m Green a i r  d ry  Grain Green a i r  d m  
Fodder & ratooned g r a i n  system ( a 1  
1. Sol id  P lan t ing  of each 197.7 33.6 9.9 43.8 20.1 
2 .  Alternate rows " 291.9 43.8 15.2 61.2 26.9 
3. Alternate double rows 256.1 48.6 
4. 1 row P. Peas 3 rows PM 207.5 41.5 
F Value 16.70'" 
Fodder & ratooned fodder  & ratooned  rain system (b )  
1. Sol id  p lan t ing  of each 197.7 1 . 8  67.8 20.3 6.5 20.9 5.4 
2. Alternate rows 291.9 55.5 90.4 25.3 9.8 23.6 6.1 
3. Alternate double rows 11 259.1 46.6 83.1 21.6 8.5 19.5 5.1 
4. 1 row P. Peas 3 rows PM 207.5 41.5 75.1 19.5 11.9 23.3 6.1 
F Value 16.7"" 1.44 5 ,  0"" 0.24 
1.311 (05) 34.4 N.S. 3.14 N.S. 
Sta lks  -- Fodder S ta lks  
Grain green a i r  dry Green a i r  dry Grain Green a i r  d m  
Bra in  & ratooned fodder system (c)  
1 . S o l i d p l a n t i n g o f e a c h  32.7 135.5 28.4 3 8.1 
2 . . 4 l t e r n a t e r o w s o f e a c h  48.7 198.4 36.2 3 3  7.1 
3. Alternnte doublesows 44.1 172.0 30.9 19.8 4.0 
4. 1 row P. Peas 3 rows PM 29.8 124.8 2 1 2  26.4 5.8 
F Value 42.0"* 2.04 3-04 
(05) 4.4 NS 
Gra in  & ratooned g r a i n  system ( d l  
1. Sol id  p lan t ing  of each 32.7 135.5 28.4 
2. Alternate rows of each 48.7 198.4 35.7 
3. Al te rna te  double rows 44.1 172.0 30.9 
4. 1 rowP.Peas 3 rows PM 29.8 124.8 21.2 
F Value 42.0"" 2.04 
(05) 4.4 NS 
Table 26 The e f f e o t  of 3 methods of intercropping of Pigeon Peas and Pearl  
M i l l e t  compared with s o l i d  plant ing of each crop a t  4 d i f f e r e n t  
harvest  systems of the pear l  m i l l e t  on   lack s o i l .  (Tr ia l  7 kharif 
1972 - a l l  y i e l d s  i n  q/ha). 
Treatments Fodder Ratooned Fodder Ratoon jatooned StaLke 
!:reen Air-dry- a i r  d q  Grain Green a i r  d q  
- 
podder & ratooned  rain system ( a )  
1. Solid P l a t i n g s  of each 222.9 31. j 
2. Alternate  rows 384.2 48.0 
j a  Al ternate  double rows 9 6 . 6  42.5 
4. 1 row P.Peas j rows P.PI. 266.7 5'1.3 
F Value 48.9"" 
LSD (05) 35.1 
Fodder & ratoolled fodder & ratooned jirairi system ( b l  
1, Solid p lan t i% of each 222.9 31.5 91.7 18.3 
2 .  Alternate  rows I? 304.2 49.0 135a5 27.1 
3. Alternate  double rows 1' 386.6 112.5 129.9 26.0 
4. 1 row P. Peas 3 rows P.M. 266,7 57.0 107.7 21.5 
F Value 48.9"" 6. TO** 
LSD (05) 35.1 24.7 
S ta lks  
Lrai!! Green a i r  dry 
Grain & ratooned   rain ( c  & d l  
1, Solid p lan t ing  of each 36.7 165.4 46.3 
2. Alternate  rows of each 58.7 254.0 99.0 
3 a  Al ternate  double rows 64.2 248.5 87.0 
4. 1 row p. Peas 3 rows P.M. 41.0 168.2 83.9 
F Value 40.9~" 16, 3"" 
ml (05) 6.7 38.7 
7.9 
11.3 
11.7 
8.8 
3.5 
N.S. 
Grain 
-
16.0 3,2 
22.6 4a5 
20.2 4.0 
18.4 3 * 7  
2.66 
N.S. 
S ta lks  
Green a i r  d~ 
Table The ef fec t  of 3 methods of i n t e rc ropp ix  Pearl Millet and 
Pigeon Peas upon the yield of Pigeon Peas. (Trial  7 - 
Kharif 1972 - all y ie lds  i n  q/ha) 
Treatment* Grain y ie ld  - row basis Grain yield - area basis 
A& B l a c k - & &  
1 Solid planting of each crop 9.5 10.2 9.9 4.8 5.1 4.95 
2 A l t e r n a t e r o w s t l  8.2 7.9 8.1 4.1 4.0 4-05 
3 I t  double rows l1 7.3 6.9 7.1. 3.7 3.5 3-60 
4 1 row P. peas 3 rows P.Millet 6.2 7.1 6.7 3.1 3-6 3.35 
F Value 4 1 . 5 ~  5.5** - 
LSD (05) 0.7 1.9 
* ~ e r t i l i z a t i o n  adequate and uniform. 
CHICK P U  & GAFDEX PEA EXPERIMENTS 
F e r t i l i z a t i o n  & inocula t ion  s tud ie s  - T r i a l  12 
The y i e l d s  and f lowering dates  f o r  red and black s o i l s  a r e  given i n  
t a b l e  28. The p lant  s i z e  was considerably l a rge r  i n  the black s o i l  than i n  
the  red s o i l ,  but the  g ra in  y i e ld  was only s l i g h t l y  higher. The o n l y  consis- 
t e n t  v i sua l  growth d i f ference  i n  e i t h e r  s o i l  was t h a t  of the minus P treatment 
i n  the red s o i l .  I n  the  e a r l y  seedling s tage  there  was a marked growth response 
t o  phosphorus appl ica t ion .  ~ l t h o u g h  the  magnitude of the P response diminished 
during the  season, therewas n s ign i f i can t  yictld response t o  P appl ica t ion  on 
the  red s o i l  (6.3 Vs 9.6 q/ha). 
There was no s i g n i f i c a n t  d i f ference  between the 3 inoculums S1, B4 and 
B7. Nitrogen appl ika t ion  had no benef ic ia l  e f f e c t  i n  ,my case and appeared 
t o  havc a detr imental  e f f e c t  on y i e lds  when applied with no inoculum. 
Variety Comparison - T r i a l  17 & 16 
The 24 v a r i e t i e s  used i n  t h i s  t r i a l  represent  a wide range of p lant  
types and maturi ty dates.  Early flowering v a r i e t i e s  ( v a r i e t i e s  4 ,  15,  18 and 
10) tended toward higher y i e lds  than the l a t e  flowering v a r i e t i e s  NO. 5 ,  7, 9, 
12, 14, 23 and 24). However, the  y ie ld  d i f ferences  were not  s ign i f i can t  
( t a b l e  29). 
The l a t e  flowering vu r i e t i ea  appenrcd t o  havc poorer seed s e t ,  possibly 
due t o  t he  high temperatures and moisture s t r e s s  l n t e  i n  tho season. 
The Ximn va r i e ty  had the roost vigorous vegetat ive growth, was the  e a r l i e s t  
f lowering and produced s ign i f ignn t ly  h i g i l ~ r  y ie ln  than any o ther  kabuli  chick 
pea v a r i e t y  ( t ab le  30). I n  the  blnck soil tric.1 l o  h 17 happened t o  be 
planted on a s l i g h t l y  s a l i n e  area .  Thu:;, the y i e lds  of theee two t r i a l s  on 
t h e  black s o i l  a r e  not  reported because of t!lu var iable  stand. 
 he general yie ld  of a l l  chick pea var ie t i es  was re la t ively low i n  both 
t r i a b 1 6  & 17. This may be i n  par t  due to the 45 cm row spacing, which i s  
wider than normal. Since the ea r ly  flowering var ie t i es  tended to  be better 
than l a t e  flowering var ie t i es ,  emphasis should be given t o  e a r l i e r  planting 
i n  t h i s  region. It a l so  suggestathe importance of early maturity i n  variety 
development. It i s  recognized tha t  the major chick pea growing areas are 
generally i n  areas with a longer cool season than ex is t s  i n  t h i s  area, so 
t e s t i n g  w i l l  need t o  be done i n  those areas as well. 
T r i a l  18 ( ~ a r d e n  peas) 
There was no s ignif iaant  difference between the 9 var ie t i es  grown on 
e i t h e r  the black or  red s o i l  ( table  31). The general yie ld  l eve l  was s imi l s r  
t o  tha t  of the chick peas i n  t r i a b 1 6  & 17. 
Table 28 ~ f f  ect of fertilization and innoculation upon performance of 
Chick peas (variety BEG 482) in red ar~d black soils. (Trial 
12, 1972 - 73 rabi - all yields in q/ha) 
Treatments 
2 2 ~noculant* 
1, 0 30 Sl 
2. 0 30 B4 
3.  O 50 B7 
4. 0 30 None 
5 .  40 30 
6 .  so 30 11 
7 .  40 30 B7 
8. 80 50 B7 
9. 0 0 B7 
10. O 30 B7 (Furadan with seed) 
11. 0 30 B7 (Furadan granules i n  
8 separate band) 
F Value 
LSD (05) 
Grain yield Days to 75% floweri 
B Me=ms & - M e 2  
*Inooulants furnished by Dr. R.B. ~ewari 3iv. of Miczobiclogy IAN, New Delhi, 
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Table 29 comparison of 24 va r i e t i e s  of Chick Peas uuder %d s o i l  
conditions.  rial No. 17 - 1972-73 Rabi - a l l  y ie lds  i n  q/ha). 
Varie tiee* Plant  type* 
BG 1 SE 
BG 15 s 
B 208 SE 
H 214 SE 
H 355 S 
G 130 SE 
G 549 SE 
G-62-404 SE 
G-IET-T? SE 
G-W.L.-2 SE 
J .G .S-4 SE 
F 229 S 
B E  482 SE 
R1H 534 S E 
10-2-3 S 
Rad he y S 
T 3  SE 
Chaff a S 
mK 468 SE 
Pant 102 SE 
Fusa Elg Bold IET E 
GVT 850-3+27 E 
SU-5411 SE 
c - 235 S 
F Value 
lJsD (05) 
Grain Yield pays to  75% Flowerin@; 
'Seed furnished by Prof. S. Ramanyjam Project  CooKiinator (pulses)  IARI, New Delhi, 
Seed inoculated with inoeulant furnished by Dr. H. B. Rewari Director of Micro- 
biology IARI - uniform f e r t i l i z a t i o n  - 150 &/ha Diammonium phosphate ( ~ 2 ~ ~ 3 ~ )  
banded 4 cm t o  one s ide  a t  seeding, 
- . C  i - 
Table 30 Comparison of 6 Varieties of Kabuli chick peas on a red soil 
- - 
 r rial 16, 1972-73 rabi - all yields in q/ha) 
- 
varieties" 
1. C-104 
2. L-241 
3 .  L-345 
4.  L-550 
5. Hima 
6. J.C.12 
F Value 
LSD (05) 
Grain 
Red 
2.45 
4.80 
3.51 
2.58 
6.23 
1.24 
15 $4 
1.4 
Table 31 Comparison of 9 Varieties of Garden peas under red and black 
soil conditions (Trial 16, 1972-73 rabi - all yields in q/ha) 
varieties* 
1. ~ 1 6 3  
2. 6113 
3. 450-B 
4. 172M 
5. 4798 
6. 6115 
7. 353-2B 
8. 116 
9. P.S.391 
F Value 
Grain yield 
alack ~eans 
6.60 4.02 5.31 
5.33 3.52 5.93 
6.72 2.47 4.60 
5.05 3.08 4.07 
7.16 1.38 4.27 
7.50 4.78 6.08 
6.77 2.80 4.79 
8.05 5.10 6.58 
6.55 2-97 4.76 
0.82 3.6'" 
LSD (05) N.S. 1 - 7 6  
pays to 75% Flowering 
Black Means 
* Seed furnished by Prof. S. Ramanujrrm, Project Coordinator (Pulses), IARI, 
New Delhi. Seed inoculated with inocularit furnished by Dr. H.B. Rewari, Div, 
of Microbiology, IARI. 
Uniform fertilization - 150 &/ha Diammonium Phosphate ( N ~ ~  pjO) banded 4 cm 
t o  one side at eeeding. 
E = Erect type 
SE Semi-erect type 
SUNFLOWER & SAFFLOWER EXPERIMENTS 
In arb attempt t o  gain  experience with other crops which might f i t  well 
as re lay  crops i n t o  the ea r ly  rab i  season, sunflower and safflower . lariety 
and f e r t i l i z a t i o n  t r i a l s  were conducted ( t ab les  32 - 35).  
- - 
Sunflower Varie t ies  - Tr ia l  14 
I n  the! red s o i l ,  sunflower var ie ty  EC 6 9 ~ 7 4  gave the highest yield and 
Sunrise the lowest. There was no s ign i f i can t  d i ~ f e r ~ n c e  b tween the three 
intermediate v a r i e t i e s  ( t ab le  3 2 ) .  Likewisc there was no yield difference 
between M: 68415 planted on November 1 ccn~pared t o  a planting made 15 days 
e a r l i e r  (3  Vs 6).  There was no s i g n i f i c a r ~ t  differor~ce between var ie t i e s  on the 
black s o i l ,  but Sunrise aga i r~  gave the lowest yield.  
There was no s ign i f i can t  difference between the yield of the s i x  varie- 
t i e s  i n  e i t h e r  the black o r  red s o i l ,  However, C-440 gave the highest y ie ld  
and C-437 gave the lowest yield i n  both s o i l s .  The yield level  i n  the black 
s o i l  (19 t o  2 1  q/ha) was almost double that  of the red s o i l  ( table  34). 
The r e l a t i v e  yie lds  of sunflower and safflower were about the same i n  
the red s o i l ,  however, i n  the black s o i l  the safflower yield was almost twice 
that  of  the red s o i l .  Another important difference ok wrved between the two 
Crops was the g rea te r  s e n s i t i v i t y  of sunflower t o  drought. Since the s o i l  
was dry a t  seeding, a l l  r ab i  crops ::own i n  mid-October received 5 rm of 
sp r ink le r  i r r i g a t i o n  water t o  germinate the seed and es tabl ish  a stand. Even 
though only 2.2 cm of r a i n  f e l l  planting to  harvest and no fu r the r  
i r r i g a t i o n  was given t o  the safflower, i t  showed only a s l i g h t  moisture s t r e s s  
and produced a good y ie ld ,  especia l ly  on the black s o i l .  Conversely, sunflower 
showed considerable w i l t i n g  and moisture s t r e s s  i n  ear ly  Decdmber and fu r the r  
irrigation was needed on both soils. These observations will need to be 
checked further in more critical experiments, but at present it appears that 
safflower will be better than sunflower as an 'early rabi crop in the farming 
system program especially on the black soil. 
Fertilization - Trial 11 
In tile red soil there was a marked rc2spolisc: to phosphorus application 
both in the sunflower and safflower. T!.i? w a s  obsirvvd visually, in the 
seedling weight and final yield (tablk I. Ji arm 35). 
In both soils and both crops there was a significant response to the 
first 40 kg/ha increment of nitrogen but no response above the 40 N rate. 
This is sircilar to the responses observed with sor&lun and millet. 
As in tho case of sorghum, millet ;i:id pigeon pea, there was no respons 
to potassium in sunflower or safflower on either soil. 
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Table 32 Comparison of s i x  v a r i e t i e s  of Sunflower grown upon red and 
black s o i l s .  co rial 14 - 1972-73 r a b i  - a l l  y ie lds  i n  q/ha) 
Var ie t ies  
1, EC. 68413 
2. EC. 68414 
3. EC. 68415* 
4. E* 69874 
5. Sunrise 
6 ,  EC. 68415 
F Value 
(05) 
Grain y ie ld  
&& Black Means 
11.2 10.4 10.8 
lcr;7 10.5 10.4 
11.8 11.5 11,6 
13.6 9.7 11.6 
9.0 9.4 9.2 
11.5 11.3 11.4 
4.18" 0.74 - 
2.2 N.S. - 
Days t o  75% headinq 
Red Black Means 
70 83 77 
65 76 70 
62 61 62 
57 71 64 
58 72 6 5 
66 73 7 2 
v a r i e t y  No. 3 was sown on 13/10 i .z .  15 days bufore treatment 1, 2, 4, 5 & 6,  
Table 33 The e f f ec t  of f e r t i l i z a t i o n  upon Sunflower y ie lds  of Variety 
EC 68415 on red and black s o i l s .  (Tri :d 11 - 1972 - 73 rabi  - 
a l l  y i e lds  i n  q/hn) 
pe r t i l i ea t ion*  Grain y ie ld  Days t o  75.10 heading S e e d l i q  
@ p a c k  Means @ Black Means Dry W t .  ms. 
2 2 x Red Black 
1. 0 30 0 7.3 13.7 10.5 69 60 64 48 174 
2. 40 30 0 9.6 16.9 13.2 62 62 62 
3. so 30 o 10.9 17.3 14.1 64 64 64 
4. 120 30 0 10.8 16.2 13.5 63 63 63 152 208 
5 . 1 2 0  0 0 7.7 3.3 12.0 J4r4 81 78 80 11 154 
6. 120 30 50 9.3 13.9 & 65 60 62 
F Value 13.9"" 15.2" - - - - 
--- 
* ~ e f e r s  t o  t o t a l  amount of N ,  P & K applied. 27 &/ha of N and a l l  P was 
applied i n  a band a t  planting a s  150 &/ha of ~ 1 8 ~ - 4 6 - 0 .  The K and tho 
balanoe of the  N was topdressed about 18 days after  planting. (TO convert 
P t o  P205 multiply by 2-29! K t o  K20 multiply by 1.2). 
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Table 34 comparison of aix varieties of Safflower growl upon red and 
black soils. 
  rial 15, 1972-73 rabi - all yields in q/ha) 
1. C-431 
2. C-437 
3. c-438 
4. C-440 
5. s-5 
6. S-11 
F Value 
LSD (05) 
Grain yield 
& d m -  
10.7 18.9 14.8 
9.5 18.8 14.2 
10.3 18.9 14.6 
10.8 21.2 16.0 
9.9 20.5 15.2 
9.5 19.0 14.3 
0.3 0.21 - 
N.S. N.S. - 
Days to 75% heading 
64 78 71 
66 78 72 
64 77 70 
65 79 72 
63 76 70 
66 77 72 
- -- -- 
"seeds furnishL.d by-Mr. M.A. Khader APAU, Rajcndrarxgar, Fertlllzation uniform 
and adequate. 
Table 35 Tht effect of fertilization upon Safflower yields of variety 
S-11 on red and black soils (Trial 11 - 1972 - 73 Rabi - all 
yields in q/ha) 
Fertilization 
ri p g 
- 
1. o 30 o 
2. 40 30 0 
3. eo 30 0 
4. 120 30 0 
5.120 0 0 
6. 120 30 50 
F Value 
LSD (05) 
Grain yicld 
@ Black Means 
7.8 9.9 8.9 
8.9 12.3 10.6 
8.7 10.2 9.5 
9.2 10.9 10.1 
3.7 4.4 4.1 
9.9 8.4 9 * 2  
28.4** 2.1 - 
1.2 N.S. - 
D a y ~  t o  7%; heading Seedliw 
Red a l a c k  Means dmwt. as. 
- Black 
64 75 80 26 121 
85 75 80 
84 76 80 
80 75 77 47 113 
94 76 84 5 85 
81 77 79 
+t Refers to total amount of N,p & K applid 27 kg/l.:: \ ~ f  ic and all P wan applied 
in a band at planting as 150 kgs/ha of 18-46-0,ti:,: ,,, : < j : : !  T h e  balance of the 
N was topdrusaod shout 18 days aftcz-qlanting (to coil-r~rt P to .@O5 multiply 
by 2.29 K to K20 multiply by 1.2). 
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WATERSHED-BASED FARMING SYSTBXS 
Water, either too little or too much, over entire crop seasons or during 
relatively short periods of a crop cycle, in damaging rainfall intensities or 
in the form of shallow phreatic levels, is one of the major constraints to 
profitable fanning under conditions of natural rainfall in large regions of 
the semi-arid tropics. Shortfalls in production due to water related problems 
have an extremely high probability of occurrence, Thus, one essential compo- 
nent of programs to increase, stabilize and diversify agricultural production 
in rainfed areas will be the development of technically and economically sound 
methods providing for optimum utilization of precipitation and safe disposal of 
excess water. Hardly a beginning has been made to explore the potentials of 
this approach under tropical conditions. It is expected that substantial 
benefits can be gained from an integrated effort aimed at improved soil and 
water management in the semi-arid tropics. 
Erratic rainfall patterns and undependability of water supply are major 
reasons why farmers in the semi-arid tropics generally have been unable to 
utilize the new high yielding varieties and capital intensive inputs such as 
fertilizers, agricultural cflernicals and farm machinery. To achieve a break 
through in water control and management, much research is required in all 
facets of farming systems including not only improved water, soil and crop 
management but also with regard to more saitable verieties and appropriate 
power-equipment packages. Once technically optimum farming systems have been 
developed it is of course also necessary to test these with reference to their 
ultimate economic and social effects. 
To study water as one of the basic factors it is necessary to have a 
eloeed system in which raikall, runoff, infiltration, percolation, evaporatio~; 
transpiration, groundwater movement, erosion and sedimentation can be conti- 
nuously monitored and where the effect of presumably better systems of farming 
on these factors can be studied, At ICiUSAT we are fortunate to have many 
natural watersheds (catchments) which lend themselves ideally to investigation~ 
on watershed-based farming systems. We have defined watershed-based farming 
systems as follows r 'the optimum utilization of the catchment precipitation 
through water, soil and crop management, either directly by the monsoon crop 
or 8s runoff which is collected and stored (above or underground) for improving 
and stabilizing production on the donor watershed'!. These watersheds as used in 
the fuming systems program will also present an excellent opportunity to try 
out on a farm scale many of the recommended improvements resultin@: from small 
experimental plot work. 
Initial activities: 
In January 1973, work was started on the development of five natural 
watersheds for monitoring of the water balance and intensive data collection 
on various cropping systems. The areas selected for study during the next 
several seqsons are located on black cotton soils along the Western boundary 
of the experimental farm as shown on the attached map (fig. 1) 4 The five 
watersheds vary in size from 3.6 to approximately 25 ha involving a total area 
of about 50 ha. Until the 1972 monsoon seasor, the land was used by fanners 
of the area; each catchment consists of several relatively small fields which 
are surrounded by bunds, In some places erosion has resulted in severe gully 
formation. 
Two of the experimental w;itershcds will be maintained in their present 
state and will be used to simulate presently applied cropping pattern and soil 
management systems in the Hyderabnd region. Kharif cropping will be practied 
on one of these two, rabi cropping on the other. The effect of these two 
fanning systems on water utilization, erosion and crop production will be 
investigated. 
In the three remaining catchments the present gullies will be reclaimed 
and existing bunds removed. Grassed watzmays will be constructed through all 
major depressiocs to carry off excess rainfall. Different grass varietiee 
will be used to test whether or not the grassed waterways can contribute 
substantially to forage production. In the largest watershed, a surface storage 
pond approximately 4 M deep with a capacity of about 0.25 ha M. is presently 
being built for collection of runoff water and the reutilization of this water 
during dry periods in the kharif or carly rabi on the donor watershed. The 
pond is dug deep with a small surface area to reduce evaporation. Figure 2 
shows a schematic drawing of a watershed with a grassed waterway and tank. 
In each of the three developed watersheds various cropping patterns 
will be planted on ridges along predetermined grades on the existing or modified 
contours. The ridges and furrows will have different slopes on each watershed 
to study the effectiveness of slope with varying lengths and cropping systems 
on water infiltration, runoff and erosion. 
As new information is being generated, other improved systems of farming 
will be imposed on the watersheds with the ultimate aim of developing ~Tmodels 
of approach" towards the development of farming systems which make the best use 
of given soil, water and human resources. 
LOCATION OF EXPERDENTAL WATERSHEDS IN FARMING SYSTEMS PROGRAM - ICRISAT 
I----. 
Watershed A - 3.6 ha ,- - 
11 R - A . 1  ha 
Legend 
Grids - 200 m x 200 m. 
Numbers in corners give relative elevations in M, 
Solid lines - Watershed (catchments) boundaries. 
Broken lines - Old gullies & waterways. 
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SCHENATIC DRAWING OF A SMALL WA!PEFBHED 
length 
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